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DISPLAY APPARATUS, DISPLAY SYSTEM, Other features and advantages of the present invention 

AND DISPLAY CONTROL METHOD will be apparent from the following description taken in 

conjunction with the accompanying drawings, in which like 

BACKGROUND OF THE INVENTION reference characters designate the same or similar parts 

The present invention relates to a display apparatus, a 5 throughout the figures thereof, 
display system, and a display control method. 

An information processing system (or apparatus) nor- BRIEF DESCRIPTION OF THE DRAWINGS 
mally use s a display apparatus a s a means for realizing a pjQ \ \s & block diagram showing an information pro- 
visual expression function of information. As is well known, cessing system according to an embodiment of the present 
a CRT display apparatus is popularly used as such display 10 invention; 

apparatus. Pj G 2 is a schematic chart showing the flow of data 

Since a CRT display apparatus itself has no display associated with an image display operation in the system of 

memory function, display data must be supplied to the ±c cm bodiment shown in FIG. 1; 

display apparatus at all times and when the supply of 3 fa a ^ ^ ^ e _ 

display data is stopped, the display operation on the display ^ rf ^ pLCD ^ ^ embodiment & own ^ 

screen is immediately interrupted. pj^, ^ 

For this reason, the display control for the CRT display ^ ' ^ ^ arrangement of an 

apparatus must constantly execute an unage wrUe operation embodiment shown in FIG. 1; 
and a display image read-out operation to and from a video 

memory (to be referred to as a VRAM hereinafter) arranged 20 FIG. 5 is a perspective view showing the outer appearance 

in the information processing apparatus. of a d^y apparatus of the embodiment shown in FIG. 1; 

In the case of the above-mentioned CRT display control, FIGS. 6A and 6B are a perspective view showing the 

since the operation for writing display data in the VRAM to connection portion of the display apparatus of the embodi- 

update display information and the operation for reading out M ment shown m FIG. 1 with respect to the host side; 

data from the VRAM to attain a display operation are FIG. 7 is a detailed block diagram showing the arrange - 

independently performed, a program on the information ment of an NFX controller shown in FIG. 4; 

processing system side can write desired display data at an FIG. 8 is a detailed block diagram showing the arrange- 

arbitrary timing regardless of the display timing. men t 0 f a portion associated with input/output operations of 

However, in general, since a CRT display apparatus has a 30 image data in FIG. 7; 

larger depth in proportion to its display area, the volume of ^IG. 9 is a detailed block diagram showing the arrange- 

the entire CRT display apparatus increases. That is, the CRT mcnt 0 f a switching power supply 120 shown in FIG. 4; 

display apparatus suffers a limited installation space, poor BG 10 {& g Wock ^ showing ^ ^^^1 of a 

portability, and the like, and cannot attain a size reduction. pQrtion ^ temperature compensation in the 

A conventional display apparatus has a function of merely 35 ^ p \ ay apparatus of the embodiment shown in FIG. 1; 

receiving and displaying display information, and exchanges piG. 11 is a table showing the flag transition state during 

only a signal Ime for informing the ready state of the display ^ ^ of a cpiJ in thc FLCD mtcrface of the 

apparatus, a signal line for transferring a reception clock embodiment showQ m FIG 1; 

signal for determining the display data reception timing, and . , , 

the like as the information contents of the display informa- 40 HG. U is a flow chart showing the main processing 

tion to the host side. IWore, the actual state of the display ™ e of > CPU in the FLCD interface of the embodiment 

apparatus side cannot be detected by the host side. shown in FIG. 1; 

Furthermore, along with the recent advances in the semi- FIG 13 * a flow chart showing the interrupt routine 

conductor techniques, most of display apparatuses are con- u P on reception of a data transfer request signal 

trolled by one-chip CPUs or special-purpose control chips. 45 from a frame memory control circuit m the FLCD interface 

The display apparatus is controlled in accordance with the of me embodiment shown in FIG. 1; 

control procedures pre-stored in its internal ROM. The FIG. 14 is a flow chart showing the processing activated 

control procedures are individually created in accordance upon reception of a quantization completion message from 

with the specifications of the host side, and variable param- the frame memory control circuit in the embodiment shown 

eters and the like are set using hardware switches or setting 50 in FIG. 1; 

data in a RAM. FIG. 15 is a flow chart showing the processing activated 

More specifically, the conventional display apparatus is upon reception of an FLCD transfer completion message 

manufactured independently of the host side, and must have from the frame memory control circuit in the embodiment 

incompatible special-purpose control procedures in corre- shown in FIG. 1; 

spondence with the number of types of specifications of tbe 55 piG. 16 is a table showing a list of commands to be sent 

host side. It is impossible to change the specifications & om the FLCD interface to the FLCD in the embodiment 

written in the ROM, and such change can only be attained shown in FIG. 1; 

by exchanging display apparatuses or corresponding hard- F[G 1? ^ a chart showing an examp i e 0 f the communi- 

warc components. ^ cation sequence between the FLCD interface and the FLCD 

SUMMARY OF THE INVENTION in the embodiment shown in FIG. 1; 

The present invention has been made in consideration of FIG. 18 is a chart showing an example of the communi- 

the above-mentioned problems and has as its object to allow cation sequence between the FLCD interface and the FLCD 

an information supply apparatus side to cope with every in the embodiment shown in FIG. 1; 

state of the display apparatus since the information supply 65 FIG. 19 is a chart showing an example of the communi- 

apparatus side can access the contents of a storage means of cation sequence between the FLCD interface and the FLCD 

the display apparatus in practice. in the embodiment shown in FIG. 1; 
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FIG. 20 is a flow chart showing the basic processing at the FIG. 43 is a flow chart showing in detail the normal 

beginning of operation immediately after the power switch drawing processing shown in FIG. 30 in the embodiment 

of the FLCD is turned on or when the FLCD is reset in the shown in FIG. 1; 

embodiment shown in FIG. 1; nG. 44 is a chart showing the state transition when the 

FIG. 21 is a flow chart showing in detail the self diagnosis 5 operation is recovered to normal by a retry upon generation 

routine in the embodiment shown in FIG. 1; of an AHDL time-out in the embodiment shown in FIG. 1; 

FIG. 22 is a flow chart showing in detail the ACF signal FIG. 45 is a chart showing the state transition when the 

check routine in the embodiment shown in FIG. 1; number of retries has reached a prescribed value (40) after 

FIG. 23 is a flow chart showing in detail the ROM check a recoverable error attention is issued upon generation of an 
processing shown in FIG. 21; 10 AHDL time-out in the embodiment shown in FIG. 1; 

FIG. 24 is a flow chart showing in detail the RAM check FIG ' 46 ^ a charl showin g ^ state transition when an 

processing shown in FIG. 21; AHDL signal cannot be received even after the attention is 

cr^ 1^* a • j * -i ™ a w i i cleared upon generation of an AHDL time-out in the 

FIG. 25 is a flow chart showing in detail the RAM check v t . 6 . * 

„ . . . rTr , ~* embodiment shown in FIG. 1; 

processing shown in FIG. 21; 15 

rjrf* . 13 , ^ . . • j » *i iL avi FIG- 47 is a chart showing an example of the FLC panel 

FIG. 26 is a flow chart showing m detail the power-ON f • tU u„a- . u • nr> 1 

... ~,f F driving waveforms in the embodiment shown in FIG. 1; 

wait processing shown in FIG. 20; 0 . ' 

cTi- *>n • a u _* u • j * -i *u ^vt FlG 48 I s a graph showing an example of a temperature 

FIG. 27 * a flow chart showing in detail the power-ON CQ sation table in me cmbo diment shown in FIG. 1; 

sequence processing shown in FIG. 26; _V, „ . . , . . , * 

1^ J!, . . . - f * i • .20 FIG. 49 is a table showing an example of the start frame 

FIG. 2S is a timing chart of signals in a series of frequencies and the frame frequencies when the internal 

operations of power-ON processing of an FLCD 3 in the tem p er ature is sufficiently saturated; 

embodiment shown in FIG. 1; „ n en . a , 4 , . , 4 . t 

™„ ^« . , . J , . FIG. 50 is a flow chart showing in detail the temperature 

FIG. 29 is a flow chart showing in detail the operation compensation routine in the embodiment shown in FIG. 1; 

selection processing shown in FIG. 20 in the embodiment « CTr , K + a • ■ . ...... 

sh ' FIG 1- 51 is a flow chart showing m detail the temperature 

0Wn m " ' compensation routine in the embodiment shown in FIG. 1; 

FIG. 30 is a flow chart showing m detail the operation FIG. 52 is a flow chart showing in detail the temperature 

selection processing shown in MO. IM in the embodiment compensation routine 

in the embodiment shown in FIG. 1: 

shown in FIG. 1; _ . , 

„ . _ , , . „ FIG. 53 is a now chart showmg in detail the temperature 

FIG. 31 is a flow chart showing in detail the operation 30 eQSation routine m the embodiment shown in FIG. 1; 

selection processing shown in FIG. 20 in the embodiment eA . a . 4 . . , . ^ 

shown in FIG 1* 54 is a flow chart showing in detail the temperature 

_ _ „ . ' ' compensation routine in the embodiment shown in FIG. 1; 

FIG. 32 is a table showing the screen display state, mr* « a u * u ~ * a * *i *l * 

u it u* * * a it:t\ a - • * * • * L FIG. 55 is a flow chart showmg in detail the temperature 

backhght state, and LED driving state m the respective ... . j. . , . r „ T « - 

*• a c *u tt on ■ *t < % • , J .35 compensation routine m the embodiment shown in FIG. 1: 

operation modes of the FLCD in the embodiment shown in _5_ 

pjQ FIG. 56 is a flow chart showing in detail the temperature 

— . . - . , compensation routine m the embodiment shown in FIG. 1; 

FIG. 33 is a view for explaining the image data display ™« n f 

position on an FLC panel in the embodiment shown in FIG HG ' 57 ,. ls 8 flo ? ^art showing in detail the temperature 

J. compensation routine m the embodiment shown in FIG. 1; 

' orr- ia * *■ * u * a * ui c 1 • ■ ,i_ 40 5 $ * s a fl° w cnart showing in detail the panel stop 

Flu. 34 is a timing chart and a table for explaining the . x , ... , . ° ^ „ ^ r r 

r * rj- i ■ * aui Y ' F s . processing in the embodiment shown m FIG. 1; 

transfer timing of display state in the embodiment shown in „ T „ ° . „ *. A . . . . ! , 

^. r FIG. 59 is a flow chart showmg the color switch routine 

™ ' . . L ^ , j in the embodiment shown in FIG. 1; 

FIG. 35 is a view showmg the formats of actual data sent ctl . , . - , , . , 

* tt. ttt • * -r - a ,t. * * FIG. 60 is a detailed block diagram showing a color 

from the FLCD interface in accordance with the timing chart 45 „ , u ^\ * . 

shown in FIG 34* adjustment switch (FIG. 7) and a portion, corresponding to 

„^ ^ . ' . ' , . . , , , the color adjustment switch, of a trimmer interface in the 

FIG. 36 is a view for explaining the scan address and scan embodiment shown in FIG. 1; 

code transfer timing in the embodiment shown in FIG. 1; F , G fil ^ a ^ showing ^ rclationship bctwecn lhc 

FIG. 37 is a flow chart showing in detail the normal setting state of the color adjustment switch and the gray code 

drawing processing shown in FIG. 30 in the embodiment 50 ^ ^ cmbodimcnt shown in pjQ 1; 

shown in FIG. 1; FIG. 62 is a flow chart showing in detail the power-OFF 

FIG. 38 is a flow chart showing in detail the normal sequence of the embodiment shown in FIG 1- 

drawing processing shown in FIG. 30 in the embodiment FIG. 63 is a timing chart of the power-OFF sequence of 

shown in FIG. 1; ^ me embodiment showtl ^ FIG. 1; 

FIG. 39 is a flow chart showing in detail the normal F IG. 64 is a view showing the internal processing state 

drawing processing shown in FIG. 30 in the embodiment when me pLco of me embodiment shown in FIG. 1 

shown in FIG. 1; receives a command via a serial communication; 

FIG. 40 is a flow chart showing in detail the normal FIG. 65 is a view showmg the internal processing state 

drawing processing shown in FIG. 30 in the embodiment a whcn me FLCD of mc embodiment shown in FIG. 1 

shown in FIG. 1; performs a serial communication in response to issuance of 

FIG. 41 is a flow chart showing in detail the normal an attention; 

drawing processing shown in FIG. 30 in the embodiment FIG. 66 is a view showing the internal processing state 

shown in FIG. 1; when the FLCD of the embodiment shown in FIG. 1 

FIG. 42 is a flow chart showing in detail the normal 65 receives a command during an attention state upon execu- 

drawing processing shown in FIG. 30 in the embodiment tion of a serial communication in response to issuance of an 

shown in FIG. 1; attention; 
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FIG. 67 is a view showing an example of a transmission FIG. 88 is a flow chart showing the SC reception pro- 
image used in the serial communication of the embodiment cessing in the serial communication processing of the 
shown in FIG. 1; embodiment shown in FIG. 1; 

FIG. 68 is a table showing a setting example of the FIG. 89 ^ a flow chart showing the SC reception pro- 
priority order of transmission using a transmission data 5 cessing in the serial communication processing of the 
buffer used in the serial communication of the embodiment embodiment shown in FIG. 1; 

shown in FIG V FIG. 90 is a flow chart showing the SC reception pro- 

FIG. 69 is a view for explaining the address space when «™« m } h ? **** communication processing of the 

the FLCD of the embodiment shown in FIG. 1 makes a em^diment shown m RG. 1; 

memory access- 10 FIG> 91 18 a flow cnart SDOWm S me sc reception pro- 

* . , ... . cessing in the serial communication processing of the 

FIG. 70 is a flow chart showing the SC reception pro- embodiment shown in FIG. 1; 
cessing in the serial communication processing of the FIG. 92 is a flow chart showing the SC reception pro- 
embodiment shown in FIG. 1; cessing in the serial communication processing of the 

FIG. 71 is a flow chart showing the SC reception pro- 15 embodiment shown in FIG. 1; 
cessing in the serial communication processing of the FIG. 93 is a flow chart showing the SC reception pro- 
embodiment shown in FIG. 1; cessing in the serial communication processing of the 

FIG. 72 is a flow chart showing the SC reception pro- embodiment shown in FIG. 1; 
cessing in the serial communication processing of the FIG. 94 is a flow chart showing the SC reception pro- 
embodiment shown in FIG. 1; 20 cessul S m tDe serial communication processing of the 

FIG. 73 is a flow chart showing the SC reception pro- embodiment shown in FIG. 1; 
cessing in the serial communication processing of the p IG. 95 is a flow chart showing the SC reception pro- 
embodiment shown in FIG. 1; cessing in the serial communication processing of the 

FIG. 74 is a flow chart showing the SC reception pro- embodiment shown in FIG. 1; 
cessing in the serial communication processing of the 25 FIG. 96 is a flow chart showmg the transmission process- 
embodiment shown in FIG. 1; m e t0 toe FLCD interface in the embodiment shown in FIG. 

FIG. 75 is a flow chart showing the SC reception pro- m ^ 

cessing in the serial communication processing of the FIG " 97 15 a flow chart showing in detail the hold state 

embodiment shown in FIG. 1; updating processing of the embodiment shown in FIG. 1. 

FIG. 76 is a flow chart showmg the SC reception pro- 30 DETAILED DESCRIPTION OF THE 

cessing in the serial communication processing of the PREFERRED EMBODIMENTS 

embodiment shown in FIG. 1; ^ embodiment according to the present invention will be 

FIG. 77 is a flow chart showing the SC reception pro- described in detail hereinafter with reference to the accom- 

cessing in the serial communication processing of the ^ panying drawings. 

embodiment shown in FIG. 1; FIG. 1 is a block diagram showing the arrangement of a 

FIG. 78 is a flow chart showing the SC reception pro- display system including an apparatus (FLCD) of this 

cessing in the serial communication processing of the embodiment. Referring to FIG. 1, reference numeral 1 

embodiment shown in FIG. 1; denotes a host for controlling a display apparatus (FLCD) 3 

FIG. 79 is a flow chart showing the SC reception pro- 40 of this embodiment via an FLCD interface 2 and supplying 

cessing in the serial communication processing of the display data to the FLCD 3; and 2, an FLCD interface for 

embodiment shown in FIG. 1; interfacing between the FLCD 3 of this embodiment and the 

FIG. 80 is a flow chart showing the SC reception pro- host 1 In practice, the FLCD interface 2 is mounted in the 

cessing in the serial communication processing of the host 1 ^ a sin S! e interface board. The FLCD 3 includes a 

embodiment shown in FIG. 1; 45 V mti controller 4 for performing various kinds of display 

FIG. 81 as a flow chart showing the SC reception pro- » n *°* of an ^ 0 panel 150 dis P la y data 00 

cessing in the serial communication processing of the panel 15U. 

embodiment shown in FIG. 1; Note ,ha ' ^ FLCD interface 2 may be permanently 

FIG. 82 is a flow chart showing the SC reception pro- P 00 "?* 1 ,0 th °. System ° r may be 45 1 ^ ( or 

cessing in the serial communication processing of the 50 board) m a portion called an extension slot arranged m an 

embodiment shown in FIG. 1; information processing apparatus represented by a worksta- 

„„ „„ . , . tion or a personal computer. The host 1 and the FLCD 

FIG. 83 is a flow chart showmg the SC reception pro- ^tim 2 can be connected via ISAj ^ or Pa interface 

cessing in the serial communication processing of the specifications, and the FLCD 3 and the FLCD interface 2 are 

embodiment shown in FIG. 1; 55 to each other via a cable 7. 

FIG. 84 is a flow chart showing the SC reception pro- In to systcm> ^ host x loads and executcs an os 

cessing in the serial communication processing of the (opcrating systcm) m6 m application program. Screen 

embodiment shown in FIG. 1; information indicating the work in progress is stored in a 

FIG. 85 is a flow chart showing the SC reception pro- VRAM arranged in the FLCD interface 2 and is displayed on 

cessing in the serial communication processing of the ^ the FLCD 3. Note that the OS and application program to be 

embodiment shown in FIG. 1; executed are not limited to specific ones. For example, 

FIG. 86 is a flow chart showing the SC reception pro- MS-WINDOWS available from Microsoft Corporation may 

cessing in the serial communication processing of the be used as the OS, and application programs that can run on 

embodiment shown in FIG. 1; this OS may be used. 

FIG. 87 is a flow chart showing the SC reception pro- 65 FIG. 2 shows the schematic flow of data associated with 

cessing in the serial communication processing of the an image display operation in the system of this embodiment 

embodiment shown in FIG. 1; shown in FIG. 1. 
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When the application program or OS writes data in the 
VRAM in the FLCD interface 2, the FLCD interface 2 
performs binary halftone processing (ED (Error Diffusion) 
processing in this embodiment) of the written data, and 
writes the processed data in a frame memory (4 bits per 
pixel=R, G, B, and I bits) having a capacity for one frame 
of the FLCD 3. The interface 2 transfers the contents of the 
frame memory to the FLCD 3 to display them. 

More specifically, in a conventional display apparatus, the 
contents of the VRAM are directly transferred to the display 
apparatus, while in the FLCD interface 2 of this 
embodiment, a new memory, i.e., the frame memory, is 
inserted between the VRAM and the FLCD 3. 

FIG. 3 is a detailed block diagram showing the arrange- 
ment of the FLCD interface 2 of this embodiment. 

Referring to FIG. 3, reference numeral 300 denotes a CPU 
which is arranged in the FLCD interface 2 and controls the 
entire interface. The CPU 300 operates in accordance with 
programs stored in a ROM 308. 

Reference numeral 301 denotes a VRAM in which 1 byte 
(8 bits) is assigned to each of R, G, and B data per pixel (a 
total of 3 bytes=24 bits=about 16 million colors) In general, 
when 8 bits are assigned to each of R, G, and B color 
elements, a color image reproduced by these data is called 
a full -color image. Note that the VRAM has a capacity 
capable of storing an image having a size of 1,280 dotsxl, 
024 dots (1,280x1,024x3=4 Mbytes) 

Reference numeral 302 denotes an SVGA chip 
(accelerator) for controlling accesses to the VRAM 301. The 
SVGA chip 302 can make data draw (write) and read 
accesses to the VRAM 301 on the basis of commands from 
the host 1. Also, the SVGA chip 302 has a function of 
drawing, e.g., figures and the like on the basis of commands 
from the CPU 300, and functions to be described later. Note 
that an LSI for drawing various kinds of figures on the 
VRAM 301 is popularly used as a display control chip, and 
the LSI itself is known to those who are skilled in the art. 

Reference numeral 303 denotes a rewrite detection/flag 
generation circuit. When the SVGA chip 302 makes a write 
access (drawing processing) to the VRAM 301, the circuit 
303 detects the write address in response to a write enable 
signal (also including a chip select signal in practice) as a 
trigger signal, so as to detect and hold updated line data. 

More specifically, the rewrite detection/flag generation 
circuit 303 utilizes the write enable signal generated when 
the SVGA chip 302 makes a write access to the VRAM 301, 
and latches the address output at that time in a register (not 
shown). The circuit 303 calculates a written line (which can 
be calculated by a circuit for dividing the write address with 
the number of bytes per line) on the display screen on the 
basis of the latched address data, and sets "1" in an area flag 
corresponding to the written line. 

Since the number of lines on the entire screen of the 
FLCD 3 in this embodiment is 1,024 (0th to 1,023rd lines), 
and each area is defined in units of 32 lines, the area flag 
requires a total of 32(=l,024/32) bits. That is, the respective 
bits of the 32-bit flag hold whether or not data are written in 
the areas corresponding to 0th to 31st lines, 32nd to 63rd 
lines, . . . , 992nd to 1,023rd lines. 

The reason why rewrite information is held not for each 
line but for a predetermined number of lines is that a 
displayed image is often changed not by one line but across 
a plurality of lines. Note that the Dumber of lines assigned 
to each area is not limited to 32 but may be changed to, for 
example, 64 or 128. In this case, if the number of lines to be 
assigned to each area is too small, the area flag requires a 
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larger number of bits. Also, the number of times of instruc- 
tions in partial rewrite processing (to be described later) 
increases accordingly, and the overhead generation rate 
becomes high. On the contrary, if the number of lines to be 

s assigned to each area is too large, an unnecessary portion in 
the partial rewrite processing undesirably increases. 

As will be described later, the maximum display size -of 
the FLCD 3 is 1,280 dotsxl, 024 dots. However, in order to 
allow display operations in other display dot sizes (e.g., 

io 1,024x768, 600x480, and the like), the information amount 
per line used for calculating the written line is program- 
mable. The display dot size can be changed in accordance 
with an instruction sent from the host to the CPU 300. 
When the above-mentioned rewrite detection/flag genera- 

15 tion circuit 303 detects that one of the 32-line areas written 
in the VRAM 301 is rewritten, it informs the CPU 300 of the 
contents of the area flag. As will be described later, the 
circuit 303 clears the area flag to zero in accordance with a 
request from the CPU 300. 

20 Reference numeral 304 denotes a line address generation 
circuit which receives the address of the designated line and 
the number of offset lines from the designated line from the 
CPU 300, and outputs a data transfer address and its control 
signal to the SVGA chip 302. Upon reception of the address 

25 data and signal, the SVGA chip 302 outputs image data 
(8-bit R, G, and B data) of the designated number of lines 
from the corresponding line to a de-gamma circuit 309. 
The de-gamma circuit 309 comprises a look-up table, and 

20 its contents are freely changed on the basis of an instruction 
from the CPU 300. The de-gamma circuit 309 changes the 
contrast of a displayed image in accordance with the con- 
tents set by a color adjustment switch 108 arranged on the 
FLCD 3, and its role will be described in detail later. Image 

35 data corrected by the de-gamma circuit 309 is output to a 
binary halftone processing circuit 305. 

The binary halftone processing circuit 305 quantizes 
image data (8-bit R, G, and B data per pixel) supplied from 
the SVGA chip 302 via the de-gamma circuit 309 to R, G, 

4Q and B signals and a luminance signal I (1 bit for each data; 
a total of 4 bits) on the basis of the error diffusion method. 
Note that the technique for binary -converting 8-bit R, G, and 
B data into 1-bit R, G, and B data, and generating a binary 
signal I indicating the luminance level has already proposed 

45 by the present assignee (e.g., Japanese Patent Application 
No. 4-126148 (U.S. application Ser. No. 08/062,337)). The 
binary halftone processing circuit 305 incorporates a buffer 
memory required in the error diffusion processing so as to 
attain its processing. 

50 Note that the binary halftone processing circuit 305 
outputs data on the basis of an instruction from the CPU 300, 
i.e., an error diffusion table (parameters) serving as param- 
eters upon binary conversion, and the line positions and the 
number of lines to be output. The reason why the error 

55 diffusion table is not a permanent one but can be freely set 
by the CPU 300 is to change the color arrangement or the 
like on the basis of an instruction from a CPU 101 of the 
information processing apparatus side. 
Reference numeral 306 denotes a frame memory for 

so storing an image (1-bit R, G, B and I data per pixel) to be 
displayed on the FLCD 3. As described above, since the 
maximum display size of the FLCD 3 of this embodiment is 
1,280 dotsxl ,024 dots, and each dot is expressed by 4 bits, 
the frame memory 306 has a capacity of 1 Mbyte (640 

65 Kbytes for calculations). 

Reference numeral 307 denotes a frame memory control 
circuit for controlling read and write accesses to the frame 
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memory and data transfer to the FLCD 3. More specifically, corresponding to the 320th to 351st lines, it controls the line 

the control circuit 307 stores R, G, B, and I data output from address generation circuit 304 to transfer data from the start 

the binary halftone processing circuit 305 in the frame pixel address of a line five lines before the 320th line in place 

memory, and outputs data of an area designated by the CPU of outputting the address of the start pixel of the 320th line 

300 to the FLCD 3 via a data transfer bus 310 (of this bus, 5 and an instruction for transferring data for 32 lines from the 

a data bus has a 16-bit width and can simultaneously transfer outpilt address position. That is, the CPU 100 controls the 

data for four pixels). Except for a case wherein image data draiit 304 to issue a transfer instruction for data of 315th to 

for a relatively large number of lines are being transferred to 35i s t lines 

the FLCD 3 (i.e., when transfer of image data designated by " r „ T . 

the CPU 300 is completed and the ne* transfer instruction in ™ e reason ^ r lhlS P rocessm S * « * S eneral ' 

is not yet input), upon reception of a data transfer request 10 ^ hen ™°\ processing is performed, a two- 

from the FLCD 3, the control circuit 307 supplies a message dimensional matrix having weighted element values (values 

indicating this to the CPU 300 as an interrupt signal. Note each indicating the distribution ratio) is used so as to diffuse 

that the data format used upon transfer of data to the FLCD a generated error to non-processed pixels. The generated 

is defined in units of sets of data each including a total of error propagates to pixels in turn. In this case, two pixels A 

four bits (R, G, B, and I data), and data are stored in the 15 and B are assumed, and the influence of an error generated 

frame memory 306 in this format. upon execution of the binary processing at the position of the 

Furthermore, upon completion of storage of image data P™ 1 A on the position of the pixel B (non-processed pixel) 

from the binary halftone processing circuit 305 in the frame ^ be examined below. 

memory 306, the frame memory control circuit 307 also In this case, the influence of the error generated at the 

outputs a message indicating this to the CPU 300 as an 20 pixel A on the pixel B becomes smaller as the distance 

interrupt signal. Upon completion of transfer of image data between the pixels A and B is larger. In other words, if the 

of the line designated by the CPU 300 (or upon completion two pixels are separated by a relatively large distance, the 

of transfer of image data of the designated number of lines influence of the error generated at the pixel A on the positioo 

when transfer of data for a plurality of lines is designated), of the pixel B is negligibly small. The above-mentioned five 

the control circuit 307 also outputs a message indicating this 25 lines are determined based on this reason, 

to the CPU 300 as an interrupt signal. The distance at which the influence of an error can be 

Note that an interrupt signal is also supplied to the CPU ignored is determined depending on the size and weighted 

300 in cases other than the above-mentioned cases. For element values of the error diffusion matrix. The error 

example, an interrupt signal is output upon reception of data diffusion processing in the binary halftone processing circuit 

from a serial communication line (e.g., an RS-232C standard 30 305 is performed from the upper left corner to the lower 

communication line) 311 arranged exclusively for commu- right corner of an image in consideration of the above - 

nications with the FLCD 3. This operation will be described mentioned fact. 

in detail later. The data transfer bus 310 and the serial The CPU 300 supplies an instruction indicating a portion 

communication line 311 are included in the cable 7. ^ to be output of line data as the binary halftone processing 

In the above-mentioned arrangement, assuming that the result to the binary halftone processing circuit 305. 

host 1 receives a drawing request of a character, figure, or More specifically, as described above, when data is writ- 

the like from an execution program of, e.g., the OS, appli- ten in the area corresponding to the 320th to 351st lines of 

cation program, or the like, it outputs a command corre- the VRAM 301, data of the 315th to 351st lines are trans- 

sponding to the request or image data to the SVGA chip 302 ^ ferred to the binary halftone processing circuit 305. In this 

in the FLCD interface 2. Upon reception of the image data, case, the CPU 300 instructs the binary halftone processing 

the SVGA chip 302 writes the received image data at the circuit 305 to output data of the 320th to 351st lines, 

designated position of the VRAM 301. Upon reception of a As a result, the binary halftone processing circuit 305 

drawing command of, e.g., figure data, the SVGA chip 302 outputs data of the 320th to 351st lines, which are influenced 

draws a figure image at the corresponding position of the 45 by an image of a non-changed portion before the 319th line, 

VRAM 301. That is, the SVGA chip 302 performs write to the frame memory control circuit 307. 

processing with respect to the VRAM 301. The frame memory control circuit 307 writes the data in 

The rewrite detection/flag generation circuit 303 monitors units of lines (4 bits per pixel), which are output from the 

a write access of the SVGA chip 302, as described above. As binary halftone processing circuit 305, in the corresponding 

a result, the circuit 303 sets a flag corresponding to the 50 area of the frame memory 306 on the basis of an instruction 

written area and informs the CPU 300 of it. from the CPU 300. More specifically, since the CPU 300 

The CPU 300 reads the area flag stored in the rewrite recognizes the number of lines output from the binary 

detection/flag generation circuit 303, and resets the flags in halftone processing circuit 305 and which line of an image 

the rewrite detection/flag generation circuit 303 to prepare the first line corresponds to, and sets the address of input 

for the next rewrite access. Note that this reset operation 55 lines (i.e., the write start address for the frame memory 306) 

may be realized using a hardware means so as to be and the number of fines of data to be continuously written in 

performed simultaneously with the read operation. the frame memory control circuit 307. 

Hie CPU 300 detects the set bit from the read area flag, In this manner, an image of only a rewritten portion 
i.e., a rewritten area. In order to transfer data of the detected (updated image), which has a natural boundary portion with 
rewritten area from the VRAM 301 to the binary halftone so a non-rewritten image, is written in the frame memory 306. 
processing circuit 305, the CPU 300 outputs the start address Note that the frame memory control circuit 307 generates 
(normally, the address of the left corner of the screen) of the the above-mentioned interrupt signal upon completion of 
transfer start line and data indicating the number of lines of storage of data transferred from the binary halftone process- 
image data to be transferred from the start address position ing circuit 305 in the frame memory 306 for an area 
to the line address generation circuit 304. 65 designated by the CPU 300. 

In this case, when the CPU 300 detects that data is written The processing speed of the binary halftone processing 

in, e.g., the 10th area of the VRAM 301, i.e., in an area circuit 305 of this embodiment is about VSo sec per frame at 
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present. This speed is about half of the vertical synchroni- Reference numeral 105 denotes a temperature sensor 

zation signal (about 60 Hz) of a CRT. However, it is rare to which is arranged to be in direct contact with the FLC panel 

rewrite data on the entire frame as long as a normal surface, and measures the temperature of the FLC panel ISO; 

application program is used. In other words, the number of 106, a luminance adjustment trimmer used for adjusting the 

lines to be processed by the binary halftone processing 5 luminance; 107, an image quality adjustment trimmer used 

circuit 305 is not so large in practice, and since the amount for adjusting image quality; 108, a color adjustment switch 

of data to be processed is small, the period required until the used for adjusting colors; and 109, an LED serving as a state 

processing is completed on the entire frame is roughly equal information means for informing the state (to be described 

to the display updating period of the CRT or may even be in detail later) of the FLC panel 150. In this embodiment, the 

shorter than that of the CRT if an area to be processed is half 10 LED 109 is arranged on the lower right portion of the FLCD 

the frame or less. 3, as shown in FIG. 5. 

Hie frame memory control circuit 307 also receives an Reference numeral 120 denotes a switching power supply 

output instruction to the FLCD 3 from the CPU 300 (to be for generating various driving power supply voltages for the 

described in detail later). The output instruction instructs a FLCD 3 of this embodiment. The switching power supply 

line from which the transfer is to be started (the start address 15 120 can receive electric power from a commercial power 

of lines) and the number of lines to be transferred (the supply 121 via a power switch 122 that controls power 

number of continuous lines). Upon completion of this supply. Note that this power switch 122 is also arranged on 

transfer, the frame memory control circuit 307 outputs an the lower right portion of the FLCD 3, as shown in FIG. 5, 

interrupt signal informing the CPU 300 of it, as was men- In this embodiment, the FLCD 3 can operate using AC 

tioned earlier. 20 power supplies of 5 various voltages ranging from 85 V to 

The format of data to be transferred from the frame 264 v Hz t0 62 Hz )> so tnat i* can be used m various 

memory control circuit 307 to the FLCD 3 is: countries. 

% i aa nm, D ,m n ^ n , Reference numeral 130 denotes an inverter for driving 

write line address+RGBI+RGBI+ ... RGBI a tJ . , a , > 

fluorescent lamps (hot cathode fluorescent lamps) 131 to 133 
Upon reception of the data, the FLCD 3 uses the subse- 25 for illuminating the FLC panel 150 of this embodiment with 
quent data for driving the FLCD 3 in accordance with the light. 

start address. The FLCD 3 of this embodiment with the above arrange- 

On the other hand, the binary halftone processing circuit ment can realize a very low-profile display apparatus since 
305 often outputs the processing results of a plurality of it uses the FLC panel 150. In this embodiment, connection 
discontinuous areas, and a transfer instruction to the FLCD 30 to (the host 1 and) the FLCD interface 2 is attained via the 
3 is issued to the frame memory control circuit 307 after a interface cable 71 and connection to the FLCD 3 is attained 
completion message of previous data transfer to the FLCD by fixing a connector 12 of the cable to a receiving connector 
3 is received. For this reason, image data written in the frame 15 arranged on the back surface of the display apparatus 
memory 306 are not always those to be output to the FLCD using fixing screws 13, as indicated by reference numeral 11 
3. That is, as described above, since image data are pro- 35 in FIG. 6B. That is, in this embodiment, the display appa- 
cessed via the frame memory 306, the write operation to the ratus and the interface unit can be connected by connecting 
VRAM 301 and the output operation to the FLCD 3 are only the single cable 7. 

asynchronously processed. FIG. 7 shows the detailed arrangement of the NFX 

The detailed arrangement of the FLCD 3 shown in FIG. controller 101 shown in FIG. 4. 
1 will be described below with reference to FIGS. 4 to 6. 40 Referring to FIG. 7, reference numeral 160 denotes a 
FIG. 4 is a schematic block diagram showing the arrange- system controller, which may be constituted by a micro - 
ment of the FLCD 3 of this embodiment, FIG. 5 is a computer or the like. The system controller 160 performs 
perspective view showing the outer appearance of the FLCD various kinds of display control (to be described later) of the 
3 of this embodiment, and FIG. 6 is a perspective view FLCD 3 of this embodiment, and displays display data 
showing the connection portion of the FLCD 3 with the host 45 received from the FLCD interface 2 on the FLC panel 150 
side (the FLCD interface side). via a river controller 190. Note that the system controller 

Referring to FIG. 4, reference numeral 101 denotes an 160 incorporates a ROM 161 and a RAM 162, and performs 
NFX controller for performing various kinds of principal various kinds of control in accordance with control 
control; 102, a U-SEG driver for driving signal lines of sequences (to be described later) stored in the ROM 161. 
U-segment display elements on the FLC panel 150; and 103, 50 Various status data of the system controller 160 and the 
an L-SEG driver for driving signal lines of L-segment storage contents of the RAM 162 of this embodiment can be 
display elements. These two drivers 102 and 103 alternately read out by the host side via the FLCD interface 2, and some 
drive every other segments of the display elements. Refer- of them can be directly written. These data will be described 
ence numeral 104 denotes a COM driver serving as a driver in detail later. 

of common signal lines of the display elements on the FLC 55 Reference numeral 171 denotes a temperature interface 
panel 150. for converting the temperature detected by the temperature 

Each display pixel on the FLC panel 150 of this embodi- sensor 105 into an analog signal, and supplying the analog 
ment is activated when a segment driving signal as a driving signal to the system controller; 172, a backlight controller 
signal line, in the column direction, of a display element for controlling the inverter 130 to control the light amounts 
matrix, and a common driving signal as a driving signal line, 60 of the hot cathode fluorescent lamps 131 to 134 (backlights); 
in the row direction, of the matrix are simultaneously driven. 173, a Vop controller for controlling a liquid crystal driving 
As described above, the segment driving signal is driven by voltage regulator 183 to control the image quality of the FLC 
the two drivers 102 and 103. Tnat is, the U-SEG and L-SEG panel 150; and 174, a trimmer interface for supplying the 
drivers 102 and 103 alternately drive every other segment setting values of the luminance adjustment trimmer 106 and 
signal lines of the FLC panel 150 to attain dispersed mount- 65 the image quality adjustment trimmer 107 to the system 
ing of circuits, thereby averaging the heat generation controller 160, and supplying the setting state of the cobr 
amount, and the like. adjustment switch (SESW) 108 to the system controller. 
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Reference numeral 181 denotes a power switch controller which is supplied from the FLCD interface 2 and at which 
for controlling the driving power supply voltage of a liquid display data is to be displayed, and allowing the system 
crystal driving power switch 182; 182, a liquid crystal controller 160 to read out its contents- 
driving power switch for controlling supply of the driving Furthermore, the controller 190 comprises a scan address 
power supply voltage to the FLC panel 150; and 183, a 5 register 527 whose contents can be written by the system 
liquid crystal driving voltage regulator. controller 160 and which holds address data corresponding 

Input/output signals to/from the FLCD interface 2 will be 10 display data, and a DST register 528 in which display start 

explained below (DST) data for instructing start of execution of the display 

Reference numeral 200 denotes an interface chip for » ^tcn by the system controller 160. When the 

making information communications with the FLCD inter- 10 t ? ata » wntten , m m * DS I r a 

r i tv • * _r J.- inn • j * *l. * operation of one scan line of the FLC panel 150 is started, 

face 2^The interface chip 200 is connected to he connector ^ U _ SEG ^ m rises a U-SEG latch circuit 

15 That is the interface chip 200 inputs/outputs data for ktCQin Qther ^ * to tj^ EG of 

to/from the data transfer bus 310 and the serial commum- display data suppUcd from ^ buffcr (521 or ^ a jj-SEG 

cation hne 311. memory 532 for storing display data latched by the U^SEG 

Reference symbol BUSY denotes an image data request is i atc h circuit 531 in accordance with a driving timing signal 

signal to the host side; and AHDL, a scan address/image data supplied from the timing controller 525, and a driver circuit 

identification signal supplied from the host side (in practice, 533 f or driving a U-SEG signal in accordance with the 

the FLCD interface 2). When the signal AHDL is "H", it display data stored in the memory 532. 

indicates a scan address; when the signal AHDL is "L", it The b-SEG driver 103 comprises an L-SEG latch circuit 

indicates image data. Reference symbols PD0 to PD15 20 538 for latching every other data corresponding to L-SEG of 

denote 16-bit image data with an address; FCLK, an image display data supplied from the buffer (521 or 522), an 

data transfer clock supplied from the host side; SIN, serial L-SEG memory 537 for storing display data latched by the 

communication data supplied from the host side; SOUT, L-SEG latch circuit 538 in accordance with a driving timing 

serial communication data supplied from the FLCD 3 to the signal supplied from the timing controller 525, and a driver 

host side; POWERON, a power-ON signal indicating that a 25 circuit 536 for driving an L-SEG signal in accordance with 

power supply voltage is supplied to the FLCD interface 2; the display data stored in the memory 537. 

RESET, an FLCD reset signal supplied from the host side; The COM driver 104 comprises an address memory 541 

and ENABLE, a signal unique to this embodiment, i.e., a for storing address information supplied from the scan 

connector connection signal indicating connection with the address register 527 in accordance with a timing signal 

FLCD interface 2 and having a negative logic format. When 30 supplied from the timing controller 525, an address memory 

the cable 7 shown in FIG. 6 is disconnected, the signal 542 for storing the contents of the address memory 541 in 

ENABLE does not change to low level, and the disconnec- accordance with a timing signal from the timing controller 

tion of the cable can be easily recognized at the FLCD 3 525, and a switching driver 543 for outputting the former 

side. When the disconnection of the cable is recognized, the half of scan selection signals to selected common signal 

subsequent display data is not received, and the display 35 lines in accordance with the address information stored in 

screen is not updated. In such a case, when the display mode the address memory 541, and outputting the latter half of 

of the display apparatus merely changes to a sleep mode as scan selection signals to the selected common signal lines in 

a power saving operation mode (to be described later) which accordance with the address information stored in the 

is set when no new display data is input, the user cannot address memory 542. 

accurately recognize the disconnection, and may not take 40 More specifically, in order to drive the FLC panel 150 to 

any countermeasure against it for a long period of time. display an image for one line, the data of the line is 

However, in this embodiment, since the user can accu- temporarily cleared, and thereafter, the line is driven in 

rately and quickly recognize the disconnection of the cable, accordance with the received data. Therefore, the address 

and the display mode of the above-mentioned LED 109 is set memories 541 and 542 store the address of the line to be 

to be different from the power saving operation mode, the 45 cleared and the address of the cleared line to be driven to 

user can easily recognize the current state such as the display data. 

disconnection of the cable, and can quickly take a counter- FIG. 9 shows the detailed arrangement of the detailed 

measure against it. arrangement of the switching power supply 120 shown in 

FIG. 8 shows the detailed arrangement of the portion FIG. 4. 

associated with the input/output operations of image data in 50 The switching power supply 120 removes noise compo- 

FIG. 7. nents mixed in electric power received via the power switch 

Image data are supplied to and displayed on the FLC 122 using a noise filter 123, then generates a predetermined 

panel 150 mainly by the driver controller 190 and the drivers high-frequency signal using a switching circuit 124 includ- 

102 to 104 for the FLC panel 150. ing a switching regulator control circuit 126 and a trans- 

The driver controller 190 comprises at least the following 55 former 125, and supplies the generated signal to a +5-V 

arrangement: two buffers 521 and 522 each of which can power supply circuit 128 for a 5 -terminal regulator 127 and 

store image data (PD0 to PD15) for at least one line supplied logic circuits, and a backlight driving power supply circuit 

from the system controller 160, and input- and output-side 129 constituted by the hot cathode fluorescent lamps 131 to 

switches 523 and 524 for controlling the switching operation 134. Note that the 5-terminal regulator 127 is constituted by 

of these buffers 521 and 522. The controller 190 switches 50 four circuits 127a to 127a* for generating DC power supply 

these switches 523 and 524 to output display image data voltages of +35 V, +26 V, +17 V and +9 V with reference to 

ID0U/L to ID7U/L to the segment drivers 102 to 103 to the potential at the GND terminal. Reference numeral 165 in 

display data. FIG. 9 denotes an ACF detection circuit, which detects stop 

Also, the controller 190 comprises a timing controller 525 of electric power supplied to the switching power supply 

for generating various driving timing signals of the FLC 65 120. The output signal (ACF signal) from the ACF detection 

panel 150, including control signals for these switches, and circuit 165 serves as an emergency interrupt signal to the 

a reception address register 526 for holding the line address system controller 160. 
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In the display apparatus of this embodiment, the tempera- interface 2 at time intervals depending on the temperature 

ture sensor 105 is provided to the FLC panel 150 so as to detected by the temperature sensor 105. 

obtain good display quality irrespective of variations in On the other hand, upon reception of, e.g., a transfer 

ambient temperature, and the driving voltage, the one-scan request for 32 lines from the CPU 300, the frame memory 

line driving time (1H), and the driving waveform are 5 control circuit 307 of the FLCD interface 2 outputs data in 

selected to be optimal values on the basis of the detected units ot lines in accordance with the above-mentioned 

temperature, thus performing the driving control of the FLC format cvcrv timc il receives a data transfer request from the 

panel. FIG. 10 shows the arrangement of the portion asso- 171X0 3 * In this manner, when the frame memory control 

dated with the temperature compensation. f 0 ^ 307 has coveted transfer of all the designated lines, 

In mis embodiment, an analog signal corresponding to the 10 does not re< * ive * e -jext transfer request mstrncUon and 

j * . j l *i_ . iA f j receives another data transfer request from the FLCD 3, it 

temperature detected by the temperature sensor 105 and „ „ - ,™, - AA „ ' 

r . A , } e • , supplies a message indicating it to the CPU 300 as an 

input via the temperature sensor interface 171 is converted foterruot sienal 

mto digital temperature information by an analog-to-digital v nccpt i on of mc mcssagc , the CPU 300 checks if 

(A/D) converter 904. An analog signal input from the image no n-transferrcd data of the partially rewritten image still 

quality adjustment trimmer via the trimmer interface 174 is 15 remain. If no data remains, the CPU 300 instructs to transfer 

converted into a digital signal by an A/D converter 905, and image data for the entire frame stored in the frame memory 

the digital signal is added to the digital temperature infor- 306 to the FLCD 3 in an interlace mode. More specifically, 

mation to finely adjust the temperature information. A tern- every time the CPU 300 receives this interrupt signal, it 

peraturc compensation table 901 is searched using the supplies an instruction to the frame memory control circuit 

adjusted temperature information to obtain a Vop code for 20 307 to transfer data in units of lines in the order of, e.g., the 

determining the driving voltage and a 1H code for deter- first line, the third line, . . . , the 1,023rd line, the second line, 

mining the 1H time. . . . , the 1,024th line. In practice, upon reception of a transfer 

The Vop code is supplied to a digital-to-analog (D/A) request signal from the FLCD 3, the CPU 300 designates a 

converter constituting the Vop controller 173 and is con- line to be transferred upon reception of the next transfer 

verted into an analog signal DAOUT. The liquid crystal 25 request signal. The control on the side of the FLCD 3 will 

driving voltage regulator 183 generates liquid crystal driving be described later. 

voltages VI, V5, V3, V4, and V2 on the basis of the analog The reason why data are transferred in the interlace mode 

signal DAOUT. when the image does not change is as follows. 

The 1H code is set in a timer unit in the system controller Since the FLCD 3 used in this embodiment has a function 

to generate fundamental clocks for the liquid crystal driving 30 of storing and holding a displayed image, an image corre- 

operation. The fundamental clocks are supplied to the driver sponding to only a changed portion need only be transferred 

controller 190, and are also supplied to the U-SEG, L-SEG, in principle. However, the present inventors found that an 

and COM drivers as clocks CGCLK. image portion which does not change and is not refreshed, 

The driving waveform is determined by a waveform and an image portion which has changed and is newly driven 

setting unit 903 on the basis of the temperature information 35 and displayed (partially rewritten) have a slight luminance 

output from the AID converter 904 before being adjusted by difference therebetween. 

the image quality trimmer. That is, the driving waveform More specifically, when an image displayed on the FLCD 

does not depend on the operation of the image quality 3 of this embodiment is to be partially updated, only the 

adjustment trimmer by the user. The waveform setting unit updated portion of the image displayed on the FLCD is 

903 selects an optimal waveform from predetermined wave- 40 updated, but when the displayed image does not change, 

forms on the basis of the temperature information, and sets processing for transferring the entire image in the frame 

the selected waveform in the driver controller 190 as wave- memory 306 to the FLCD 3 in an interlace manner is 

form data. In synchronism with the clocks CSCLK, the performed. The reason why the image is transferred in the 

waveform data is supplied to the U-SEG and L-SEG drivers interlace manner in place of sequentially transferring the 

as data SWFD0 to SWFD3, and is also supplied to the COM 45 respective lines is to apparently accelerate the updating 

driver as data CWFD0 to CWFD3. As will be described operation of the displayed image since a liquid crystal 

later, the driving waveform of this embodiment defines the display normally hag a low response speed. 

1H lime by five clocks CSCLK, and the 1H time is adjusted The operation processing sequence of the CPU 300 in the 

to an optimal value for the temperature of the FLC panel by FLCD interface 2 will be described below with reference to 

varying the pulse width of the clocks CSCLK. 50 FIG. 11 in accordance with the above-mentioned processing 

Note that the operation of the driver controller 190 will be contents. In FIG. 11, "flag" is flag information obtained from 

described later. the rewrite detection/flag generation circuit 303 (see FIG. 3) . 

Exchange of display data, various control commands, and The respective flags used in the following description 

the like between the FLCD interface 2 and the FLCD 3 in have the following meanings, 

this embodiment with the above arrangement will be 55 A) Quantization Completion Flag 

explained in detail below. This flag holds information indicating whether or not the 

Data (the write line address+RGBI+RGBI . . . ) from the frame memory control circuit 307 has completed the storage 

above-mentioned FLCD interface 2 are transferred via the operation of image data output from the binary halftone 

data transfer bus 310, the write start address at the beginning processing circuit 305 in the frame memory 306. 

of the data is stored in the reception address register 526, and 60 B) Transfer Completion Flag 

the subsequent pixel data RGBI, RGBI, . . . are stored in one This flag holds information indicating whether or not the 

of the buffers 521 and 522. The system controller 160 reads frame memory control circuit 307 has completed the transfer 

the address stored in the reception address register 526, and operation of an image at the position designated by the CPU 

writes it in the scan address register 527. Thereafter, the 300 to the FLCD 3. 

system controller 160 instructs the DST register 528 to start 65 C) Transfer Request Flag 

a driving operation of one scan line. The system controller This flag holds information indicating whether or not the 

160 generates data transfer request signals to the FLCD FLCD 3 has issued the next data transfer request. Note that 
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this transfer request flag is not set unless the frame memory Note that the timings T4 and T3 are determined depending 

control circuit 307 has completed the transfer operation of on the data amount to be processed and arc indefinite, 

data for lines desiguated by the CPU 300 (because the When the CPU 300 receives a transfer completion 

transfer request signal during this interval is used for deter- message, and there is no data to be transferred at that timing, 

mining the transfer timing of the frame memory control 5 the frame memory control circuit 307 outputs an interrupt 

circuit 307, and an interrupt signal for this transfer request signal based on the data transfer request signal from the 

signal is not generated). FLCD 3 (riming T5). Upon reception of this interrupt signal, 

Assume that the area flag (32 bits) read from the rewrite the CPU 300 reads the area flag of the rewrite detection/flag 

detection/flag generation circuit 303 is as shown in FIG. 11 generation circuit 303. 

(timing Tl). 10 If the read area flag includes no "1" bits, the CPU 300 sets 

In this case, the CPU 300 can detect the area position (to the address of one line to be transferred so as to perform an 

be referred to as an "area No." hereafter) "2 W where "1" is interlace transfer operation of the frame memory 306 

set first by checking the area flag from the beginning. Then, (interlaced transfer of every other lines), as described above, 

the CPU 300 calculates the address and the number of lines Upon completion of this transfer operation, the frame 

to be respectively set in the frame memory control circuit 15 memory control circuit 307 receives a data transfer request 

307, the binary halftone processing circuit 305, and the line signal from the FLCD 3. At that time, since the data transfer 

address generation circuit 304, and sets the calculated data operation for one line has been completed, the circuit 307 

in the respective circuits in the above-mentioned order. outputs an interrupt signal to the CPU 300. 

The reason why the data are set in the frame memory Every time the CPU 300 receives this interrupt signal, it 

control circuit 307 first is that the respective circuits perform 20 reads the area flag from the rewrite detection/flag generation 

their operations when their enable signals (see FIG. 3) are circuit 303. While all the bits are "0", the CPU 300 continues 

enabled, and a problem occurs when a circuit may output the above-mentioned interlace-transfer operation, 

data although a subsequent circuit is not ready, if the data are As described above, according to this embodiment, when 

set in the opposite order. the CPU 300 reads the area flag shown in FIG. 11 and finds 

When the address and the number of lines are set in the 25 at least one area No. set with "1" from the read flag, it 
last line address generation circuit 304, the SVGA chip 302 performs the processing as if the area flag shifted to the right 
sets the enable signal of the lower-level binary halftone along the flag table shown in FIG. 11. 
processing circuit 305 in response to the setting data as a An example of the processing of the CPU 300 for real- 
trigger signal, and begins to transfer data. izing the processing of the FLCD interface 2 in this embodi- 

The binary halftone processing circuit 305 generates 4-bit 30 ment will be described below with reference to the flow 

R, G., B, and I image data by the error diffusion processing charts or FIGS. 12 to 15. The following control sequences 

on the basis of 8-bit R, G, and B data. In this case, when the are stored in, e.g., the ROM 308. 

processing of the circuit 305 has reached the line (fifth line) FIG. 12 is a flow chart showing the main processing 

set by the CPU 300, the circuit 305 sets the enable signal to routine of the CPU 300 in the FLCD interface 2 of this 

the subsequent frame memory control circuit 307 and out- 35 embodiment. 

puts the processing result. When the FLCD interface 2 is powered, the processing 

The frame memory control circuit 307 sequentially stores shown in FIG. 12 is started. In step SI, a series of initial- 

the processed image data received from the binary halftone ization processing operations such as initialization of the 

processing circuit 305 from the address position, designated respective circuits in the FLCD interface 2 are executed. In 

by the CPU 300, of the frame memory 306, Upon comple- 40 this case, commands such as Unit Start, and the like are 

tion of the storage processing, the frame memory control issued to the FLCD 3, and corresponding status data are 

circuit 307 outputs an interrupt signal indicating completion received from the FLCD 3. 

of storage to the CPU 300. Upon reception of this interrupt It is checked in step S2 via a bus 102 (reference numeral 

signal, the CPU 200 sets the quantization completion flag 6 in FIG, 1) of the host 1 if a state instruction associated with 

(timing T2), and issues a transfer instruction (sets the 45 the display operation such as a change in the number of 

address and the number of lines) to the FLCD 3 with respect display dots, or the like is received. If YES in step S2, the 

to the frame memory control circuit 307. flow advances to step S3, and environment information is set 

The CPU 300 searches the area flag for a set area No. in in the respective circuits 303 to 307 (e.g., the rewrite 

addition to area No. "2". If the CPU 300 finds the set area detection/flag generation circuit 303) so as to realize the 

No. in addition to area No. "2", it performs the same so instructed processing, e.g., to attain the instructed number of 

processing described above for the found area. In FIG. 11, display dots. 

since the CPU 300 recognizes that data were written in the On the other hand, if NO in step S2, the flow advances to 

area corresponding to area No. "4", it performs the process- step 94 to find the current condition. Subsequently, in step 5, 

ing up to the storage operation in the frame memory 306 in processing according to the current condition is performed, 

association with area No. "4". Upon completion of this 55 For example, the display performance of the FLCD 3 may 

storage processing (timing T3), the CPU 300 repeats the be changed. 

same processing as described above for the set area Nos. in The FLCD 3 of this embodiment has display performance 
the area flag. of 1,280x1,024 dots. For example, upon reception of an 
In this state, when the CPU 300 receives, from the frame instruction for changing the number of display dots to 
memory control circuit 307, an interrupt signal indicating 60 1,024x768 dots from the host 1, an image is preferably 
that the transfer operation associated with the previously displayed at the center of the display screen so an operator 
transfer-instructed area No. "2" is completed, it sets "1" in can naturally observe it. In this embodiment, in the process- 
trie transfer completion flag for area No. "2" (timing T4), ing in step S3, display screen change processing, or the like 
and checks if there is another area No. with a quantization for realizing it is performed. For example, the rewrite 
completion flag='T\ If the CPU 300 finds another area No. 65 detection/flag generation circuit 303 performs the above- 
with a quantization completion flag="l", it instructs a trans- mentioned processing by dividing the rewritten address by 
fer operation to the FLCD 3. the number of bytes for one line so as to specify the rewritten 
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line position. In this case, the number of bytes for one line present. In this case, the address determined based on the 

is determined by the number of display dots. area No. is directly used. Upon completion of this 

At the same time, the FLCD 3 side must perform the processing, the flow returns to the main routine, 

corresponding processing. For this purpose, a command for As a result of the above-mentioned processing, the first 

realizing the processing is issued from the FLCD interface 5 quantization processing when the read area flag includes set 

2 to the FLCD 3 via the serial communication line 311 to bits is started. 

attain a match between the operations. FIG. 14 is a flow chart showing the processing for the 
In the following description, the processing executed interrupt signal output from -the frame memory control cir- 
upon reception of a display instruction of 1,280x1,024 dots cuit 307 when the circuit 307 has completed the storage 
will be exemplified. io operation of quantized image data received from the binary 
When the frame memory control circuit 307 receives a halftone processing circuit 305 in the frame memory 306. 
transfer instruction of an image for the number of lines It is checked in step S21 if the frame memory control 
designated by the CPU 300 to the FLCD 3, as described circuit 307 is performing the transfer processing of a par- 
above, it performs a transfer operation in synchronism with tially rewritten image to the FLCD 3. If YES in step S21, the 
a data transfer request signal supplied from the FLCD 3. If 15 flow advances to step S23. 

the circuit 307 receives a data transfer request signal from On the other hand, if NO in step S21, i.e., if the interlace - 

the FLCD 3 when it does not receive, from the CPU 300, any transfer operation is being performed at that time, and the 

transfer instruction to the FLCD 3 or when it has completed storage operation of the first partially rewritten image in the 

the instructed transfer operation, the circuit 307 outputs the frame memory 306 has been completed, the flow advances 

data transfer request signal as an interrupt signal to the CPU 20 to step S22, and the CPU 300 sets the address and the 

300. On the other hand, when the frame memory control number of lines in the frame memory control circuit 307 so 

circuit 307 receives a series of transfer requests and receives as to transfer the quantized and stored image data, thereby 

a data transfer request signal from the FLCD 3 during the transferring the partially rewritten image. Thereafter, the 

transfer operation, it does not output the interrupt signal to flow advances to step S23. 

the CPU 300. 25 In step S23, the CPU 300 checks the already read area flag 

The processing of the CPU 300 upon reception of the to determine if there is the next area to be quantized. If NO 

interrupt signal, i.e., the interrupt processing upon comple- in step S23, this processing ends. 

tion of the transfer operation of data to be sent will be On the other hand, if the CPU 300 determines in step S23 
described below with reference to FIG. 13. FIG. 13 is a flow that there is a non-quantized area, the flow advances to step 
chart showing the interrupt routine of the CPU 300, which 30 S24, and the CPU 300 calculates the address and the number 
is started upon reception of the data transfer request signal of lines of the non-quantized area. Then, the CPU 300 sets 
from the frame memory control circuit 307. the calculated information in the respective circuits in steps 
Upon reception of the data transfer request signal from the S25 to S27 to start the next quantization processing. Since 
frame memory control circuit 307, the CPU 300 reads the the processing operations in steps S24 to S27 are the same 
area flag (32 bits) from the rewrite detection/flag generation 35 as those in steps S14 to S17 described above, a detailed 
circuit 303 in step Sll, and clears the internal area flag to be description thereof will be omitted. Thereafter, this process- 
reset in the rewrite detection/flag generation circuit 303 to ing ends. 

zero. The interrupt processing informed from the frame 

In step S12, the CPU 300 checks if the read area flag memory control circuit 307 upon completion of the transfer 

includes set bits, Le., there are rewritten portions. If the CPU 40 operation, instructed by the CPU 300, of the partially 

300 determines in step S12 that the flag includes no set bits, rewritten image to the FLCD 3 will be described below with 

i.e., all the bits are "0", the flow advances to step S13 to reference to the flow chart of FIG. 15. 

perform the interlace-transfer processing. More specifically, It is checked in step S31 if the next data to be transferred 

if no write access to the VRAM 301 is detected, the are present. There is no data to be transferred in two cases, 

interlace-transfer operation (for instructing to interlaced- 45 i.e., a case wherein images of all the partially rewritten areas 

transfer 1-line data from the frame memory 306) is per- have been transferred to the FLCD 3, and a case wherein the 

formed every time a data transfer request signal is received above-mentioned quantization processing has not been com- 

from the FLCD 3. Upon completion of this processing, the pleted yet, and the CPU 300 is waiting for the end of the 

flow returns to the main routine. processing. In either case, after NO is detennined in step 

On the other hand, if the CPU 300 determines in step S12 50 S31, this processing ends, 
that the read area flag includes set bits, the flow advances to If it is determined in step S31 that data to be transferred 
step S14 and the CPU 300 calculates the address and the are present, the flow advances to step S32, and the CPU 300 
number of lines to be set in the respective circuits. In this gets the transfer start line address and the number of lines io 
case, when bits corresponding to continuous area Nos. "10" the frame memory control circuit 307 so as to transfer the 
to "12" (areas of the 289th to 284th lines) are set, the CPU 55 data of the area to the FLCD 3, thus starting the transfer 
300 calculates the address and the number of lines while processing. Thereafter, this processing ends, 
assuming these areas as one area. As described above, with the above-mentioned 
Upon completion of the calculation in step S14, the flow processing, the CPU 300 updates the display state of the 
advances to steps S15 to S17, and the CPU 300 sets the partially rewritten portion and the interlace display operation 
corresponding information in the frame memory control 60 when the image does not change. These processing opera- 
circuit 307, the binary halftone processing circuit 305, and tions are mainly attained by the CPU 300, as a matter of 
the line address generation circuit 304 to start the binary course, and they can be realized since a portion depending 
halftone processing (quantization processing). As described on the frame memory control circuit 307, i.e., the frame 
above, an address five lines before the start line of the memory 306, is arranged. 

rewritten area is set in the line address generation circuit 65 As described above, according to this embodiment, since 

304. If the area corresponding to area No. "1" is rewritten, the write operation of the VRAM 301 and the display 

an address five lines before the start line of this area is not updating operation of the FLCD 3 can be asynchronously 
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performed, the display operation can fully utilize the fea- 
tures of the FLCD 3. 

In the above embodiment, when the frame memory con- 
trol circuit 307 receives a transfer instruction of a partially 
rewritten image from the CPU 300 and is transferring the 
partially rewritten image, it does not output an interrupt 
signal based on the data transfer request signal from the 
FLCD 3 to the CPU 300. However, the circuit 307 may 
output an interrupt signal independently of its operation 
state. 

In this case, since the CPU 300 has already recognized the 
number of lines to be transferred when it issued a partial 
rewrite instruction, the CPU 300 may decrement the number 
of lines and check the value every time it receives an 
interrupt signal. In this manner, the CPU 300 can determine 
if the interrupt signal is output upon completion of a transfer 
operation or during an interlace transfer operation. 

The processing sequences of the CPU 300 in the above 
embodiment are merely examples, and the present invention 
is not limited to these sequences. As described above, a 
partially rewritten image is transferred to the FLCD 3 via the 
frame memory 306 to attain an asynchronous transfer opera- 
tion. 

Communications between the FLCD interface 2 and the 
FLCD 3 via the serial communication line 311 in this 
embodiment will be described below. 

In FIG. 3, the serial communication line 311 is illustrated 
as a single line. However, in practice, an RS-232C standard 
line capable of performing full-duplex communications is 
used, and the number of lines complies with the serial 
interface standard (cross interface). The data transfer bus 
310 includes the above-mentioned data bus and a data 
transfer request line. Ia addition to these lines, the bus 310 
includes a signal line for outputting a logic-level signal for 
informing the FLCD 3 that the power supply of the FLCD 
interface 2 (the power supply of the information processing 
apparatus side) is turned on. Of course, in addition to these 
lines, predetermined signal lines such as those for transfer 
clocks are included. 

The communication conditions of the serial communica- 
tion line 311 include a start-stop synchronization method, 
9,600 bps, a data bit length =8 bits, and even parity. Such 
conditions are ordinary ones in serial communications, and 
are not unique to the present invention. Therefore, a detailed 
description thereof will be omitted. 

With the communications to be described below, the 
system including the FLCD 3 can be used in an optimal 
state. For example, even when the power switch of the 
FLCD 3 is turned on after the power switch of the host 1 side 
is turned on, for example, a trouble that only a partially 
rewritten image is transferred and the full-screen display 
operation is disturbed can be prevented. 

The communications of this embodiment are performed 
using data in units of bytes in principle. This is because both 
the control units (the CPU 300 and the system controller 
160) can reduce their data transfer and reception amounts 
and can facilitate their control operations. 

Serial communication protocols include codes to be sup- 
plied from the FLCD interface 2 side (CPU 300) to the 
FLCD 3 and codes to be supplied from the FLCD 3 (system 
controller 160) to the FLCD interface 2. To avoid confusion, 
the former codes (FLCD interface 2-^FLCD 3) will be 
referred to as "commands" or "command codes" hereinafter, 
and the latter codes (FLCD 3-*FLCD interface 2) will be 
referred to as "attentions", "statuses", or "attention codes'' 
hereinafter. 

Note that some specific commands/statuses are transmit- 
ted in response to a status returned from the FLCD 3 in 
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correspondence with a command supplied from the FLCD 
interface 2 to the FLCD 3 and an attention issued from the 
FLCD 3 to the FLCD interface as a trigger signal. 

FIG. 16 shows in detail the commands of this 
embodiment, and status data returned from the FLCD 3 in 
response to these commands. In FIG. 16, "H" in the code 
column in the main item "command" indicates a hexadeci- 
mal value, and "x" indicates variable 4 bits. Also, "B" in the 
main item "status" indicates a binary value, and "x" indi- 
cates variable 1 bit (different from "x" in "command"). 

The respective commands and corresponding status data 
will be explained below in turn. 

Request Unit ID: 00H This command inquires the type of 
connected FLCD 3. 

Status: 

Upon reception of this command, the FLCD 3 adds ID 
information stored in an internal ROM (not shown) of the 
system controller 160 to status data, and outputs, to the 
FLCD interface 2, the status data in the format of 
OOxxxxxxB for a normal state or OlxxxxxxB for an abnor- 
mal state. 

The most significant bit of the lower 6 bits indicates if the 
FLCD 3 is a color display (:0) or monochrome display (:1), 
and the next upper 2 bits indicate if the screen size (the 
maximum number of display dots) corresponds to, e.g., 15 
inch (:00) or 21 inch (:01). That is, the FLCD interface 2 can 
detect the type of FLCD 3 by issuing thiscommand "00H". 
In this embodiment, the FLCD 3 is a color display. However, 
since a monochrome display apparatus can also be con- 
nected to the FLCD interface 2, such command is prepared. 

The reason why bits for specifying an abnormal state 
(error state) are included is to cope with a case wherein a 
command issued from the FLCD interface 2 to the FLCD 3 
cannot be normally received by the FLCD 3 under the 
influence of, e.g., noise. In such case, the FLCD 3 returns 
8-bit status data whose upper 2 bits start from "01". Note 
that status data upon occurrence of an error is common to the 
respective commands, and attention data upon occurrence of 
an error for the received command will be explained below. 

The lower 6 bits of status data upon occurrence of an error 
include a combination of 4-bit type data indicating the error 
type, and 2-bit content data indicating the contents of the 
error. The type data and content data are as follows. 

Type Data: Send Diagnostic Error 

Content Data: 

This error corresponds to "Send Diagnostic (self diagno- 
sis result)", and includes a check sum error of the ROM 161 
in the system controller 160, an error (verify error between 
read and write accesses) of the RAM 162 used as the work 
memory, an AC fail error, and other errors during the display 
operation. Note that the FLCD 3 may also suffer a cable 
disconnection error. However, in this state, communications 
cannot be performed. 

Type Data: Reception Timing Error 

This error occurs at the time of reception, and includes a 
parity error, overrun, undefined command, and the like. 

Type Data: Send Host ID Error 

Content Data: 

This error indicates an undefined ID of the host (FLCD 
interface 2) upon reception of a "Send Host ID" command. 
Type Data: Set Mode Error 
Content Data: 

This error corresponds to a "Set Mode" command, and 
indicates an impossible transition (cannot transit to the 
designated mode) or that an undefined operation mode is 
designated. 
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Type Data; Read/Write Error relatively large jump interval is set in the interlace display 

Content Data: operation in such case to apparently accelerate the updating 
This error corresponds to a "Read/Write" command, and timing of the entire image. Conversely, if the temperature is 
indicates a write access to a Read Only area, an access to a high enough to assure a sufficiently high display speed, the 

Hidden area, or an undefined address. 5 jump interval can be reduced. 

Type Data: Set Address Error Unit Start: 02H 

Content Data: This command is used for activating the drawing opera- 
This error corresponds to a "Set Address" command, and tion (instructing to start the driving operation) of the con- 
indicates that an address falling outside the range is set ncctcd FLCD 3 * U P on reception of this command, the FLCD 
Type Data: Unit Start Error 10 3 0311 start image ti^y operation. In this case, since the 
Content Data* FLCD 3 need only output a Busy signal to return only a 
This error corresponds to a "Unit Start" command, and indicating if the operation is normally started, 
indicates a not-ready-to-start state, an Error state, or an j^G " * ° ^ ° P 
akeady started state Request Attention Inf.: 03H 

Type DaU: Request Attention Error 15 ^ co mmaild requests transmission of the detailed con- 

umtent Uata. teQts of atlention daU rece i ve d from the FLCD 3. Upon 

This error corresponds to a Request Attention" error, and reception of this command, the FLCD 3 adds a code 

indicates that there is no attention to be transmitted. indicating the contents of the attention to the lower 6 bits of 

"type Data: Request Status Error the status data, and outputs the status data. 

Content Data: 20 Request Attention Bit: 04H 

This error corresponds to a "Request Status" command, This command requests transmission of attention status 

and indicates that there is no status to be transmitted. bits of the FLCD 3. The attention status bits of the FLCD 

Note that the above-mentioned errors are examples, and indicate, e.g., if the FLCD is ready, 1H information is 

since the type data consists of 4 bits, it can define 16 changed, the contrast is changed, an error has occurred, and 

different type data in principle. As described above, since 25 so 0D * lnc FLCD 3 outputs status data in which data 

status data output from the FLCD 3 upon occurrence of an indicating these contents are set in the lower 6 bits, 

error for the received command is common to the respective *^ e f Mode: 05H 

commands, a description of attention data in the error state 00111111311(1 requests transmission of the current dis- 

of the commands to be described below will be omitted. g 1 ^ m ° de of me ? LCD 3 - ^ modes of ^ FLCD 

Request 1H* 01 H 30 inculcle a normal operation mode (a normal drawing state 

As will be described in detail later, the FLCD 3 changes t^I ^ ,? ^ — ^ thc * ackli S hts arc 

its operation speed (image display period for one scan) ° U ™* thc *™ ° pcr ^°° 15 P crformed ,) correspond- 

~ n #L 1 * ♦ V. . j u *T m S to operation mode number 0, a static mode (a mode in 

depending on the FLC pane temperature detected by the M ^ ^ of ^ ^ ^ ^ ^ 

temperature sensor 105. WiOj this command, the FLCD backli hts £ re turned 0 £ and ^ displayed image in a scan 

interface 2 inquires the FLCD 3 as to the current driving 35 stop state ^ frozen: suitaMe for o&^g a ttill image) 

speed for one scan (1H information of the FLC panel) Status corresponding to operation mode number 1, and a sleep 

data as a response from the FLCD 3 returns 1H information mode (a mode in which neither an image display operation 

indicating the current 1-scan driving period using its lower nor a backlight driving operation are performed: a power 

6 bits, as shown in FIG. 16. saving effect, and an effect of prolonging the service life of 

Upon reception of the response status obtained by issuing 40 the backlights and the FLCD) corresponding to operation 

the command, the FLCD interface 2 changes the interlace mode number 2, as will be described in detail later. The 

interval or changes the ratio between the partial write FLCD 3 returns the operation mode number indicating one 

operation and the full-screen updating operation. of these display modes as the current display mode as status 

As described above, the FLCD interface 2 performs an data, 

interlace display operation when there is no data to be 45 Request Status: 06H 

transferred to the FLCD 3. For example, when a moving This command requests resending of status data when a 

image or the like is being displayed on the predetermined parity error or the like has occurred in attention data sent 

region on the FLCD 3, an image corresponding to the from the FLCD 1. Upon reception of this command, the 

display updated portion is being updated. Therefore, if the FLCD 3 outputs attention data indicating the same contents 

display time of this moving image is long, a luminance 50 as those of previously output one. 

difference is generated between images of a non-changed Attention Clear: 0AH 

portion and a changed portion, and the difference gradually This command clears attention data of the FLCD 3. Since 

becomes emphasized. the FLCD 3 need only inform whether or not the attention 

Therefore, even when the partial rewrite operation is is normally cleared, it outputs status data with all bits="0" 

continued, the full-screen image must be displayed at given 55 in a normal state, 

intervals. In consideration of the above situation, in this Get Contrast Enh.: 0BH 

embodiment, an image on the entire screen is updated (all This command acquires a contrast enhancement value 
the image data in the frame memory 306 are transferred) at determined by the setting values of the luminance and image 
least at substantially 1-Hz periods. Since the number of quality adjustment trimmers 106 and 107, and the contents 
frames that can be displayed during the 1 -Hz period (i.e., for so of the de-gamma table of the above-mentioned de-gamma 
1 sec), that is, the driving period for one scan line of the circuit 309 are updated in accordance with a response (6 bits 
FLCD 3, changes depending on the temperature, such com- in status data) to this command. When the de-gamma table 
mand must be used. is updated, the contrast of only a partially rewritten image is 
This command has an influence on the jump interval of changed. For this reason, assuming that all the image data in 
the interlace display operation when an image on the screen 65 the VRAM 301 are rewritten, the binary conversion pro- 
does not change. That is, when the temperature is not so cessing of the entire image is performed, and the entire 
high, since the display speed of the FLCD 3 lowers, a image is transferred to the FLCD 3. 
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Get Multi: OCH 1-line image as a 1-, 2-, or 4- line image. When four bits 

The FLCD 3 of this embodiment has three scan modes, indicated by "x" arc set to be "0", the command instructs that 

and can operate based on scan mode information set in the the scan mode is determined depending on the scan mode 

header portion of image data by the FLCD interface 2, and information set in the header portion of image data supplied 

in three scan modes designated by a "Set Multi" command 5 from the FLCD interface 2. When the four bits are set to be 

(to be described later). In this case, designation of the "Set "01 H", the command instructs the 1-line concurrent selec- 

Multi" command has priority over designation in the former tion mode; when the four bits are set to be "02H", the 2-line 

multi-scan mode. concurrent selection mode; and when the four bits are set to 

These three scan modes are those for displaying input be "03H", the 4-line concurrent selection mode. 

1- line image data as an n-line image (n-1, 2, or 4 at present), In the normal state, status data with all the bits- u 0" is 
and include a 1-line concurrent selection mode (01H), a returned. In this embodiment, for example, when a so-called 

2- line concurrent selection mode (02H), and a 4-line con- VGA mode (640 dots in the horizontal directionx480 dots in 
current selection mode (03H). In recent multimedia trends, the vertical direction) is selected and detected, a 2-line 
the default size of amoving image to be displayed is as small concurrent driving operation is performed in correspon- 
as about 300x200 dots, and some application programs are dence with the display size of 1,280x960 dots of the FLCD 
fixed to this size. In this state, since the displayed image 15 3. In this case, since some users may want to change such 
becomes too small, the same image is displayed for two or display size according to their favors, an environment set- 
four lines with respect to the received original image for ting utility program of the FLCD interface in the information 
each line. processing apparatus may be used to allow the users to 

In this manner, even when the original image is small, a perform various setting operations, 

visually naturally enlarged image can be displayed. Since 20 "Write High/Low Memory" commands (8xH, 9xH) and 

the FLCD interface 2 need not transfer the same line data a "Read High/Low Memory" (08H, 09H) commands are used 

plurality of number of times, the load on the interface 2 is for writing data at an arbitrary address of the system 

reduced. In this case, the FLCD interface 2 instructs the controller 160 (address space»64 Kbytes) in the FLCD 3 and 

frame memory control circuit 307 to successively transfer supplying a read instruction thereto. Two sets of the lower 4 

the same pixel n times in the main scan direction. Note that 25 bits of the "Write High/Low Memory" commands indicate 

the number of times of repetition in the main scan direction one byte of data to be written. As for the "Read High/Low 

may also be independently instructed, as a matter of course. Memory", commands nave no operands (variable 4 bits), as 

The "Get Multi" command requests transmission of in for- a matter of course, 

ma tion indicating the current state of the FLCD (the current In any case, a write or read address must be designated, 

state is returned in 6 bits of status data). The reason why this 30 The address is set by four sets of the lower 4 bits (a total of 

command is assigned is to prevent a mismatch between the 16 bits) of "Set HH/MH/ML/LL Address" commands (Ax, 

transmitter and receiver image data when the power switch Bx, Cx, DxH) shown in FIG. 16. The address indicates a 

of the information processing system (e.g., a personal read or write address. After the address is determined, a read 

computer) is turned off and on after n is set to be "2" in the or write access is made using the "Read" or "Write" com- 

FLCD 3 using a "Set Multi" command (to be described 35 mands. 

later). As for the "Read" commands, the upper or lower 4 bits of 

Send Diagnostic: lxH the contents of the byte at the designated address are 

This command requests the FLCD 3 to perform self returned as status data. As for other commands, attention 

diagnosis and to return the diagnosis result. Four bits indi- data with all the bits-"0" is returned in the normal state, 

cated by "x" designate a diagnosis mode. There are some 40 These read/write commands for the internal memory of 

diagnosis modes, and the FLCD 3 returns the diagnosis the FLCD 3 are mainly used for debugging. Of course, the 

result corresponding to the designated mode as status infor- present invention is not limited to this specific purpose, and 

mation. these commands may have another purpose by changing the 

Send Host ID: 2xH work area in the FLCD 3. The operation processing program 

This command informs the FLCD 3 of the ID (type) of the 45 of the system controller 160 in the FLCD 3 may be loaded 

FLCD interface 2. Two out of four bits indicated by "x" and executed on a RAM as a resident program, so that the 

represent the version of the FLCD interface 2, and the host 1 may store programs with improved functions on the 

remaining two bits represent the ID of the card of the FLCD RAM. 

interface 2 (also, the type of the information processing The commands (command codes) output from the FLCD 

apparatus). When the FLCD 3 determines that the received 50 interface 2 to the FLCD 3 and the corresponding response 

ID is permitted, it returns status data with all the bits="0". status data have been described. 

Set Mode: 3xH A case will be described below wherein the FLCD 3 

This command corresponds to the "Get Mode", spontaneously outputs attention data to the FLCD interface 

command, and four bits indicated by "x" send the above- 2. 

mentioned operation mode number for instructing setting of 55 Attention data output from the FLCD 3 has the format: 

one of the normal mode, static mode, and sleep mode. When lOxxxxxxB. That is, the most significant bit (MSB) is set to 

the FLCD 3 can normally shift its operation mode to the be "1". 

designated mode, it returns status data with all the bits="0". This is because when the FLCD interface 2 outputs a 

This command is issued, e.g., when a user inputs an ins true- certain command to the FLCD 3 and at the same time, the 

tion for setting the mode and the instruction is input to the 60 FLCD 3 spontaneously outputs attention data to the FLCD 

FLCD interface 2. On the other hand, when the image has interface 2, the FLCD interface 2 must be able to determine 

not changed after an elapse of a predetermined period of whether the received attention data is not a response with 

time (this period is programmable by the user), the operation respect to the output command but to a spontaneous one. 

mode may shift to the static mode. That is, as described above, since all the response attention 

Set Multi: 4xH 65 data for the issued commands have MSBs«"0", the FLCD 

This command corresponds to the above-mentioned "Get interface 2 can easily discriminate the spontaneous attention 

Multi" command, and instructs the FLCD 3 to display a data. 
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The lower 6 bits of attention data from the FLCD 3 are as value has been changed, it outputs a "Request Attention Inf." 

follows: command (03 H) to inquire as to the change in contrast 

bit 0: bet when the FLCD is ready enhancement value. Upon reception of this command, the 

bit 1: set when 1H information has been changed FLCD 3 outputs binary data indicating the contrast enhance- 
bit 2: set when the contrast enhancement value has been 5 ment vahie held in step S413 to the FLCD interface 2. 

changed Upon reception of the contrast enhancement value, the 

bit 3: not defined FLCD interface 2 looks up the contents of the ROM 308 to 

bit 4: set when a recoverable error has occurred in the rewrite the contents of the de-gamma table in the de-gamma 

FLCD circuit 309. In order to complete the processing for the 

bit 5: set when an unrecoverable error has occurred in the io attention data, the FLCD interface 2 issues an "Attention 

FLCD Clear" command. Since the FLCD 3 can recognize based on 

Hie recoverable error includes a case wherein the atten- this command that de-gamma conversion using the new 

tion state is not set, a case wherein image data is not input contrast value has been finished or the contrast is scheduled 

after an elapse of a predetermined period of time, a case to change, it returns acknowledgement attention data 

wherein an undefined display mode is set, and the like. The 35 "O00O0O0OB", thus ending this processing. In this case, 

unrecoverable error includes a detection error due to dis- since the contrast is changed, the image of the entire frame 

connection of the temperature sensor 105, a detection error is transferred to the FLCD 3 even in the case of a partial 

due to short-circuiting of the sensor 105, a sampling time- rewrite operation. 

out error caused by an A/D converter, a conversion end FIG. 19 shows the sequence when a command (in this 
time-out error, a data set time-out error, ROM and RAM 20 case, the "Set Multi" command) issued by the FLCD inter- 
check errors as a result of self diagnosis, and the like. face 2 and spontaneous attention data (in this case, attention 
Note that the ROM check operation and the like are also data indicating that 1H information is changed based on the 
performed in the self diagnosis mode executed in accor- detection result of the temperature sensor 105) pass each 
dance with an instruction from the FLCD interface. other. 

However, the errors herein mean those which have occurred 25 When the FLCD interface 2 detects that the MSB of the 

in an initial check operation when the FLCD 3 is powered, received 8-bit data is "1", it determines that the received data 

as will be described below. is spontaneous attention data issued by the FLCD 3, and 

When the FLCD interface 2 issues a command and the postpones processing for the previously issued "Set Multi" 

FLCD 3 issues spontaneous attention data, i.e., when they command. Then, the FLCD interface 2 issues a "Request 

output the first codes, the attention data from the FLCD 3 is 30 Attention Inf." command to instruct the FLCD 3 to transmit 

preferentially processed. This is because the request from a one-scan driving period value. Upon reception of this 

the FLCD is the one issued from an image display interface command, the FLCD 3 sets 1H data based on the current 

closest to the user. temperature value detected by the temperature sensor 105 in 

Examples of the communication protocols based on the the lower 6 bits of status data by looking up a temperature 

above-mentioned commands and attentions when viewed 35 compensation table 901 shown in FIG. 10, and transmits the 

from the FLCD interface 2 side will be described below with status data to the FLCD interface 2. 

reference to FIGS. 17 to 19. As for the FLCD 3, an Upon reception of the status, the FLCD interface 2 

explanation will be given later. changes its own operation contents, as described above, and 

FIG. 17 shows the sequence when the FLCD interface 2 issues an "Attention Clear" command to the FLCD 3. Upon 

acquires the ID of the FLCD 3. 40 reception of data "OOO0O0000B" from the FLCD 3, the 

The FLCD interface 2 (CPU 300) issues a "Request Unit FLCD interface 2 ends the processing for the attention data 

ID (00H)" command to the FLCD 3 via the serial commu- from the FLCD 3. 

oication line 311. Upon reception of this command, the Thereafter, the FLCD 3 performs processing for the 

FLCD 3 (system controller 160) reads FLCD inherent previously received "Set Multi" command and returns status 

information written in its own ROM 161 or the like, and 45 data. If the received status data is "00000000B" indicating 

returns the read information to the FLCD interface 2 as normal end, the FLCD interface 2 ends the processing for 

status data. the "Set Multi" command. 

In the above-mentioned sequence, when a communication In the above description, the protocols for some corn- 
error (e.g., a parity error) has occurred in the command mands and attentions have been explained. As can be easily 
issued from the FLCD interface 2, the FLCD 3 returns error so understood from the above description, substantially the 
status data to indicate that it cannot normally receive the same sequences apply to protocols of other commands or 
command. Upon reception of this status, the FLCD interface attentions. Therefore, a description of other protocols will be 
2 generates the same command again. On the contrary, when omitted. 

a communication error has occurred in attention data sup- The operations upon power-ON of the FLCD 3 and the 
plied from the FLCD 3, the FLCD interface 2 outputs a 55 FLCD interface 2 (also, power-ON of the information pro- 
request Status" command to prompt re-sending of status cessing apparatus) of this embodiment will be explained 
data. below. 

FIG. 18 shows the sequence when the FLCD 3 generates In general, whether a host side apparatus such as a 

spontaneous attention data (in this case, attention data gen- personal computer and a display apparatus are constituted 

erated when the contrast enhancement value is changed), 60 separately or independently does not pose any serious prob- 

The FLCD 3 transmits spontaneous attention data lem. This is because a normal display apparatus merely 

"10000100B" indicating that the contrast enhancement displays image data pouring out from a host apparatus, and 

value has been changed to the FLCD interface 2 via the its display operation stops when information from the host 

serial communication line 311 in the processing in step S415 apparatus stops, that is, the display apparatus and the host 

shown in FIG. 59 (to be described later). 65 apparatus cannot communicate with each other. 

Upon reception of this attention data, since the FLCD However, since the FLC panel 150 of the FLCD 3 of this 

interface 2 can recognize that the contrast enhancement embodiment has a self storage function and the display 
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apparatus has intelligence to some extent, processing must On the other hand, if it is determined in step S43 that the 

be performed while both the host apparatus and the display cable 7 is normally connected, i.e., the ENABLE signal is at 

apparatus recognize each other's conditions. In this low level, and the switching power supply 120 is normally 

embodiment, this problem is solved as follows. operating, i.e., an ACF signal is output, the flow advances to 

The data transfer bus 310 includes a single signal line 5 step S44 to execute initialization processing 2 of the system 

indicating whether or not the power supply of the FLCD controller 160 so as to perform a resource setting operation 

interface 2 is turned on. Using this signal line, the following and the like. Subsequently, initialization processing of the 

control operations can be attained. driver controller 190 is performed in step S45. In step S46, 

Case 1. When the power supply of the FLCD interface 2 power- ON wait processing is executed, and the flow then 

is turned on first, and thereafter, the power supply of the 10 advances to step S47 to execute operation selection process- 

FLCD 3 is turned on: ing. 

In this case, the FLCD 3 can detect in its power-ON In the apparatus of this embodiment, the processing 

initialization processing that the power supply of the FLCD shown in FIG. 20 is executed not only upon power-ON but 

interface 2 has already been turned on since the POWERON also when an interrupt is generated after an interrupt setting 

signal in the data transfer bus 310 is "L". Thus, when the 15 operation is performed. 

FLCD 3 detects this information and its own initialization More specifically, the initialization processing is also 

processing has been completed, it outputs attention data executed when the ACF detection circuit 165 detects that 

(1000001 B: indicates that the FLCD 3 is ready) to the FLCD power supply to the switching power supply has stopped due 

interface 2. to some cause, and outputs an ACF signal, when a reset 

Upon reception of this attention, the FLCD interface 2 20 signal is received from the FLCD interface 2, and when the 

recognizes that the FLCD 3 is ready, and issues an "Atten- ENABLE signal is set in the OFF state, 

tion Clear" command. Then, the FLCD interface 2 waits for When the ACF detection circuit 165 detects a power 

reception of attention data "00000000B" from the FLCD 3. supply failure and outputs an ACF signal, ACF detection 

Thereafter, the FLCD interface 2 outputs a "Unit Start" interrupt processing indicated by "ACF detection" in step 

command to prompt the FLCD 3 to output a NOT BUSY 25 S50 is executed. When this interrupt processing is started, all 

(-READY) signal, thereby starting an image display opera- other interrupts are inhibited in step S51. In step S52, a 

tion. power-OFF routine is executed. Thereafter, a 15VSW is 

In practice, when the power supply of the FLCD 3 is turned off to deenergize the LED 109 in step S53. Then, the 

turned on, the FLCD interface 2 issues output request initialization processing starting from step S41 is executed, 

commands of the contrast value and 1H so as to obtain the 30 On the other hand, when the apparatus of this embodiment 

contrast value and 1H value (to be described later) upon is reset, reset interrupt processing is executed in step S55. 

power-ON, and acquires the requested information. When this interrupt processing is started, all other interrupts 

Case 2. When the power supply of the FLCD 3 is turned are inhibited in step S56. Subsequently, a power-OFF rou- 

on first, and thereafter, the power supply of the FLCD tine is executed in step S57. Thereafter, the 15VSW is turned 

interface 2 is turned on (for example, when the user forgets 35 off to deenergize the LED 109. Then, the initialization 

to turn off power supply of the FLCD 3 although he or she processing starting from step S41 is executed, 

turns off the host 1): Furthermore, when the cable 7 between the FLCD 3 and 

In this case, upon completion of the initialization the FLCD interface 2 of this embodiment shown in FIG. 6 

processing, the FLCD interface 2 waits for an "L" POW- is disconnected from the connector 15 for some reason, or 

ERON signal set by the FICD interface 2, and then issues a 40 when the cable 7 is disconnected midway, the ENABLE 

"Unit Start" command. Upon reception of this command, the signal is reset and does not change to low level. In this case, 

FLCD 3 can restart its operation. cable disconnection interrupt processing indicated by 

Next, the operation processing of the system controller "ENABLE signal OFF" in step S58 is executed. When this 

160 in the FLCD 3 will be explained below. The following interrupt processing is started, all other interrupts are inhib- 

description will explain a case wherein a chip computer 45 ited in step S59. The flow then advances to step S57 to 

(MPU) is used as the main device of the system controller execute the power-OFF routine. Thereafter, the 15VSW is 

160. turned off to deenergize the LED 109 in step S53. Then, the 

FIG. 20 is a flow chart showing the basic processing at the initialization processing starting from step S41 is executed, 

beginning of the operation after power-ON or in the reset The self diagnosis routine in step S42 shown in FIG. 20 

state of the FLCD 3 in this case. 50 will be described in detail below with reference to FIG. 21. 

When the power switch 122 is turned on, and the appa- In step S61, signal check processing for checking the 

ratus is powered, the processing shown in FIG. 20 is started, ENABLE signal and the ACF signal from the ACF detection 

In step S41, the first initialization processing of the system circuit 165 is executed. Subsequently, in step S62, check 

controller 160 is executed and an interrupt setting operation processing of the ROM 161 is performed. Thereafter, check 

is performed. Subsequently, in step S42, the system control- 55 processing of the RAM 162 is executed in step S63. The 

ler 160 executes a self diagnosis routine to check if its own flow then returns to the previous routine, 

operation is normal. In step S43, it is checked based on the FIG. 22 shows in detail the signal check processing in step 

diagnosis results of the ACF and ENABLE signals in the self S61 . 

diagnosis routine in step S42 if the ACF detection circuit 165 It is checked in step S65 if the ACF signal is at high level, 

has not output any ACF signal, and if the cable 7 is 60 i.e., an ACF signal is not output (the power supply is 

disconnected and the ENABLE signal is not at low ("L") normal). If an ACF signal is not output, the flow advances 

level. If the cable 7 is not normally connected, or if the input to step S66, and an AC fail bit of an error status that can be 

from the switching power supply 120 lowers again due to read out by the FLCD interface 2 is set. Thereafter, the flow 

some cause, the flow returns to step S41 to inhibit the returns to the previous routine. 

subsequent display control of the FLC panel 150. In this 65 On the other hand, if an ACF signal is output, the flow 

manner, inadvertent display control, i.e., a display operation advances from step S65 to step S67 to check if the ENABLE 

of an undesired image can be effectively prevented. signal is at low level, i.e., the cable is normally connected. 
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If the ENABLE signal is at low level, i.e., the cable is In this manner, since preparation for the RAM check 
normally connected, this processing ends, and the flow processing is completed, the contents at the RAM address 

returns to the previous routine. designated by the address register are read out, and are 

On the other hand, if the ENABLE signal is not at low stored in a save register in step S84. Subsequently, in step 

level, i.e., the cable is not normally connected, the flow 5 S85, the contents of the patnO register are written at the 

advances from step S67 to step S68, and a cable disconnec- RAM address designated by the address register, the written 

tion bit in an error status that can be read out by the FLCD contents are read out, and the readout contents are stored in 

interface 2 is set. Thereafter, the flow returns to the previous a patn register. In step S86, the readout contents of the pain 

routine. register are compared with the written contents of the patnO 

FIG. 23 shows in detail the check processing of the ROM 10 register. 

161 in step S62 in FIG. 21. In the ROM check processing, In this case, if a RAM error has occurred, i.e., the contents 

all the data in the ROM area are added in units of words to of the two registers are different from each other, the flow 

obtain a 16-bit unsigned integer value while ignoring jumps to step S101 in FIG. 25, and the contents saved in the 

overflow, and the obtained value is compared with a pre- save register are written at the RAM address designated by 

calculated value (check sum-xxxxh) to confirm if the two is the address register. In step S102, a RAM error bit in error 

values match each other. status data is set, and the flow returns to the previous routine . 

In step S71, a register sum for storing the addition result Thereafter, unrecoverable error attention data is issued to the 

is cleared. Subsequently, in step S72, the start address of the FLCD interface 2, and processing for shifting to the scan 

ROM is stored in an address register for holding the address stop mode as one operation mode is performed, 

value to be subjected to the ROM check processing. In step 20 On the other hand, if it is determined in step S86 that the 

S73, the written contents are read out from the address, readout contents of the patn register match the written 

specified by the address register, of the ROM, and are added contents of the patnO register, the flow advances to step S87. 

to the contents of the register sum. At this time, the addition In step S87, the contents of the patnl register are written at 

result is a 16-bit unsigned integer value obtained by ignoring the RAM address designated by the address register, the 

overflow. 25 written contents are read out, and the readout contents are 

The value of the address register is updated to designate stored in the patn register. Subsequently, in step S88, the 

the next address of the ROM in step S74. It is checked in readout contents in the patn register are compared with the 

step S75 if the updated address value has exceeded the end written contents of the patnl register. If a RAM error has 

address of the ROM, i.e., the processing is completed for the occurred, i.e., the contents of the two registers are different 

entire area of the ROM. If NO in step S75, the flow returns 30 from each other, the flow jumps to step 

to step S73, and the read-out processing of the contents of On the other hand, if it is determined in step S88 that the 

the next word updated in step S74 and the addition process- readout contents of the patn register match the written 

ing to the contents of the register sum are performed. contents of the patnl register, the flow advances to step S89, 

On the other hand, if YES in step S75, the flow advances and the contents at the RAM address designated by the 

from step S75 to step S76, and the addition result in the 35 address register, which were saved in the save register in 

register sum is compared with a pre-calculated value (check step S84, are restored. In step S90, the contents of the 

sum-xxxxh). If the addition result in the register sum address register are incremented to set the next RAM 

matches the pre-calculated value (check sum-xxxxh), it is address to be checked. It is then checked in step S91 if the 

determined that the ROM is normal, and the flow returns to check processing of the area up to register bank 1 is 

the previous routine. 40 completed, and the contents of the address register have 

On the other hand, if the addition result in the register sum exceeded the address of register bank 1. If NO in step S91, 

does not match the pre-calculated value (check sum-xxxxh), the flow returns to step S84 to continue the check processing 

since a ROM error has occurred, an error bit indicating an for the next address. 

unrecoverable error is set in step S77. The flow returns to the On the other hand, if YES in step S91, the flow advances 

previous routine. Thereafter, unrecoverable error attention 45 to step S92 shown in FIG. 25. 

data is issued to the FLCD interface 2, and processing for In step S92, registers are set to be register bank 0 so as to 

shifting to a scan stop mode as one operation mode is perform the RAM check processing from the start address of 

performed. the area of register bank 1 to the end address of the RAM, 

FIGS. 24 and 25 show in detail the check processing of and write patterns 0 and 1 are set in the registers again. In 

the RAM 162 in step S63 in FIG. 21. In the RAM check 50 step S93, the contents at the RAM address designated by the 

processing, after data are written in the RAM area in units address register are read out, and are stored in the save 

of words, the written data are read out to check if the readout register. Subsequently, in step S94, the contents of the patnO 

data match the written data. In this case, data to be written register are written at the RAM address designated by the 

are, for example, (OOh) and (FFh). Upon writing, data address register, the written contents are read out, and the 

already stored at a given write address is temporarily saved 55 readout contents are stored in the patn register. In step S95, 

in a register, and is restored to the RAM upon completion of the readout contents of the patn register are compared with 

the check processing at that address. the written contents of the patnO register. In this case, if a 

In this embodiment, a plurality of register groups are RAM error has occurred, i.e., the contents of the two 

allocated in the RAM. These register groups are called registers are different from each other, the flow jumps to step 

register bank 0, register bank 1, . . . Initially, in order to 60 S101. 

check an area from the start address of the RAM to register On the other hand, if it is determined in step S95 that the 

bank 1, registers are set to be register bank 1 in step S81. readout contents of the patn register match the written 

Subsequently, in step S82, (OOh) as pattern data to be written contents of the patnO register, the flow advances to step S96. 

is registered in a patnO register as pattern 0, and (FFh) as In step S96, the contents of the patnl register are written at 

another pattern to be written is registered in a patnl register 65 the RAM address designated by the address register, the 

as pattern 1. In step S83, the RAM start address as the first written contents are read out, and the readout contents are 

address of the RAM is set in an address register. stored in the patn register. Subsequently, in step S97, the 
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readout contents in the patn register are compared with the the status errstat indicating the error state is set to be "error", 

written contents of the patnl register If a RAM error has In step S124, the LED 109 is set in a blink mode in which 

occurred, i.e., the contents of the two registers are different the LED 109 is turned on/off at short periods in the case of 

from each other, the flow jumps to step S101. an unrecoverable mode (to be described later), thus blinking 

On the other hand, if it is determined in step S97 that the 5 the LED 109 at short periods. With this control, the user can 

readout contents of the patn register match the written easily and visually confirm that an error has occurred in the 

contents of the patnl register, the flow advances to step S98, FLCD 3. The flow then advances to step S119 to execute the 

and the contents at the RAM address designated by the power-ON sequence. 

address register, which were saved in the save register in The powcr-ON sequence routine in step SU9 in FIG. 26 
step S93, are restored. In step S99, the contents of the 10 will be described below with reference to FIG. 27. 

address register are incremented to set the next RAM In step S130, the Vop controller 173 is reset, 

address to be checked. It is then checked in step S100 if the Subsequently, a color switch routine is executed in step 

check processing of the entire RAM area is completed, and S131, and (S/CCR) is set at H level in step S132. In step 

the contents of the address register have exceeded the end S133, a temperature compensation routine is executed. It is 
address of the RAM. If NO in step S100, the flow returns to 15 then checked in step S134 if a return code (end code) as a 

step S93 to continue the check processing for the next result of the processing of the temperature compensation 

address, routine is 0. If NO in step S134, the flow advances to step 

On the other hand, if YES in step S100, the processing S139, and (ffff)H is set as the return code. Thereafter, the 

ends, and the flow returns to the previous routine. flow returns to the previous routine. 

The power-ON wait processing in step S46 in FIG. 20 will 20 On the other hand, if YES in step S134, the flow advances 

be described below with reference to FIG. 26. to step S135, and a VEESW signal is set in the ON state to 

In step Sill, the power switch controller 181 is controlled energize an output channel power supply (VEE) of the 

to turn on a 15-V power supply serving as a power supply respective driver circuits. The Vop controller 173 is con- 

for the LED. After the control waits for an elapse of 16 ms, trolled to turn on the output channel power supply of the 

the LED 109 is turned on in step SU2. After the control 25 respective driver circuits. The control waits for an elapse of 

waits for an elapse of another 16 ms, an ACF interrupt for 16 ms, and a DRVSW signal is set in the ON state in step 

the system controller 160 is permitted in step SU3. In step S136 to input the output from the liquid crystal driving 

S114, if the RESET signal from the FLCD interface 2 side voltage regulator. Subsequently, after waiting for an elapse 

is in the reset state at that time, i.e., is not at H (high) level, 64 ms, in step S137, a BLSW signal is set in the ON state 

the control waits until the RESET signal changes to H level. 30 to instruct the backlight controller 172 to turn on the 

Subsequently, in step S115, it is also confirmed if the backlight power supply. Then, 0 is set in a return code, and 

POWERON signal indicating that the power supply of the the flow returns to the previous routine. 

FLCD interface 2 side is turned on is set. In this case, if the FIG. 28 is a timing chart of the signals as a result of a 

POWERON signal is not set, the control waits until the series of operations upon power-ON of the FLCD 3. In serial 

power supply of the FLCD interface side is turned on. If the 35 communications shown in FIG. 28, the FLCD issues a "Unit 

power supply of the host side is turned on, i.e., the POW- Ready" attention shown in FIG. 26 at timing (T), and a 

ERON signal is set, the flow advances to step S116 to "Clear Attention" command is returned at timing (2). 

initialize (set in the halt state) the FLC control portion, Thereafter, at timing ®, the backlights are turned on, the 

shown in FIG. 9, of the system controller 160. operation mode shifts to the normal display mode, and the 

Furthermore, internal variables are initialized in step 40 FLCD interface 2 transmits a "Unit Start" command. Then, 

S117. More specifically, the following initialization process- at timing ®, status data for this command is transmitted, 

ing is performed. That is, status data (errstat) indicating an The operation selection processing in step S47 and the 

error state is cleared to 0, and subsequently, display mode subsequent steps in FIG. 20 after the power-ON processing 

control data (dispmode) is set to be nonstarted as a mode in will be described below with reference to FIGS. 29 to 31. 

which no display operation is performed. Also, the scan 45 In the following description, a user trimmer monitoring 

mode (scanmode) is set to be a xl scan mode (xlmode), a timing drawing line number counter value "line*' means the 

dummy address is set in a previous scan address (preadd), time interval for monitoring the user trimmer state. That is, 

the ON/OFF flag (timer) of a timer unit 902 is set to be OFF, in this embodiment, the user trimmer is checked every time 

and the FLC control portion is set in the OFF state not to a predetermined number of lines are display-driven, and the 

perform the display operation of the FLC panel 150. 50 predetermined number of lines corresponds to "line". 

It is then checked in step S118 if an error status as a result The FLCD 3 has the normal display mode, the static mode 
of, e.g., the above-mentioned self diagnosis routine is set. If (suitable for observing a still image) in which the display 
NO in step S118, the flow advances to step S119 to execute driving operation is stopped unless it is not cancelled, and 
a power-ON sequence. Subsequently, in step S120, the me sleep mode in which the backlights are turned off to stop 
operation of the FLC control portion set in the halt state in 55 the display operation so as to suppress consumption power, 
step S116 is enabled, and the SCSW is turned on to activate The data dispmode holds one of these modes. Also, this data 
the trimmer interface 174, thereby controlling the driving is used for storing an error status, 
signal based on the setting value of the image quality In the operation selection processing, initialization pro- 
adjustment trimmer 107 and the detection value of the cessing of work registers is executed in step S140. Work 
temperature sensor 105. In step S121, a "Unit Ready" 60 register 0 (rwO) is set with the user trimmer monitoring 
attention is issued to the FLCD interface 2 side via the serial timing drawing line number counter value (line), work 
interface 311, and the flow then returns to the previous register 1 (rwl) is set with the display operation mode set by 
routine. dispmode, and an error state is set to be errstat. Also, work 
On the other hand, if it is determined in step S118 that the register 2 (rw2) is set with a scan mode (scanmode) added 
error status is set, the flow advances to step S122, and a self 65 in the header portion of image data, work register 3 (rw3) is 
diagnosis error attention is issued to the FLCD interface 2 set with a previous scan address (preadd), and work register 
side via the serial interface 311. Subsequently, in step S123, 4 (rw4) is set with a buffer pointer (buflpointer) of a 
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transmission data buffer for buffering a transmission image 
and the like, since the transmission priority order and 
holding operation information after transmission, and the 
transmission image including attention information in the 
case of attention must be set in addition to transmission data 
upon transmission of status and attention. Furthermore, 
work register 5 is set with an ON/OFF flag (timer) of the 
timer unit 902. In this manner, these work registers are 
initialized. 

In the above description, the previous scan address is 
written in work register rw3 for tie following reason. 

Upon display-driving one line of the FLC panel 150, data 
of a line to be written is temporarily cleared, and thereafter, 
the data is written in the line in principle. Data must be 
continuously written in the same line after the immediately 
preceding write access is completed. Thus, it must be 
checked if the address of the current line to be written is the 
same as the previous address. For this reason, work register 
rw3 holds the previous address. 



number counter value (line)) is decremented by 1, and 0 is 
stored in a time-out retry counter (ahdlretry). It is then 
checked in step S148 if an "Attention Time Out" state ha* 
occurred. If NO in step S148, the flow advances to step S149 
5 to check if there are data to be received from the FLCD 
interface 2. If NO in step S149, the flow advances to step 
S150 to check if there are data to be transmitted to the FLCD 
interface 2. If NO in step S150, the flow returns to step S141, 
and the normal drawing processing is performed. 
10 In the above-mentioned state, if transmission data is 
generated in step S150, the flow advances from step S150 to 
the processing in step S151 and the subsequent steps, thus 
executing transmission mode processing. In step S151, 
"Phase Overlaid Drive" post-processing is performed to stop 
15 the driving operation of the FLC panel 150. Subsequently, in 
step S152, transmission processing of data in the transmis- 
sion buffer is performed. Thereafter, in step S153, the value 
of this buffer address pointer is set in rw4 so that the contents 
of the buffer can be read out again, and rw5 is set to be OFF 
Since information is exchanged with the FLCD interface 20 to reset the ON/OFF flag of the timer unit 902. Thereafter, 
2 via the serial communication line 311 with a relatively low the flow returns to step S141. 

speed, as described above, an attention or status cannot be On the other hand, if reception data is detected in step 
immediately transmitted. Thus, the attention and status data S149, the flow advances from step S149 to step S155, and 
are temporarily stocked in a buffer memory, and are sequen- "Phase Overlaid Drive" post-processing is performed to stop 
tially transmitted from the buffer memory. Work register rw4 25 the driving operation of the FLC panel 150. Subsequently, in 
stores the addresses of data to be transmitted. step S156, an SC reception processing routine is executed to 

The ON/OFF flag of the timer unit 902 to be set in work receive data from the FLCD interface 2. 
register rw5 has the following meaning. Thereafter, in step S157, data added to the header portion 



When the FLC panel 150 of this embodiment is driven, 
the display driving operation of the next line is performed 
after an elapse of the display driving period 1H of the current 
one scan line. The period 1H is measured by the timer unit 
902. Thus, if the period 1H is measured during processing 
for performing the display driving operations for the number 
of lines indicated by the user timer monitoring timing 
drawing line number counter value (line), and checking the 
user trimmer state, the display driving operation of the next 
line cannot be performed in time. That is, during this 
interval, the timer unit 902 must be stopped. However, it is 
inconvenient if it cannot be discriminated whether or not the 
timer unit 902 is in operation. Therefore, since information 
indicating whether or not the timer unit 902 is in operation 
must be held, work register rw5 is allocated. 

Subsequently, it is checked in step S141 if the power 
supply of the FLCD interface 2 is turned on, i.e., the 
POWERON signal from the FLCD interface 2 is at high 
level. If YES in step S141, the flow advances to step S142 
to check the contents of register rwl, i.e., if the operation 
mode is the normal operation mode (NORMAL). If NO in 
step S142, the flow advances to step S176. 

On the other hand, if the contents of register rwl are 
NORMAL, i.e., the operation mode is the normal operation 
mode, the flow advances to step S143 to check the contents 
of register rw5. Since register rw5 holds information indi- 



of image data received in the SC reception processing 
30 routine are set in the work register area of the RAM 162. 
That is, the display operation mode (dispmode) and error 
state (errstat) are set in rwl, the buffer pointer (buffpointer) 
of the transmission data buffer in rw4 is updated, the 
ON/OFF flag of the timer unit 902 in rw5 is set to be OFF, 
35 and mask 1 (scmodemskl) for extracting the designated scan 
mode from the header portion of image data is set in rw6. If 
the mask data is cOOOOH, the scan mode is set in accordance 
with data in the header portion of image data; if the mask 
data is 0000H, the scan mode is designated via a commu- 
40 nication. In addition, mask 2 (scmodemsk2) for extracting 
the designated scan mode from the header portion of image 
data is set. If mask data is 00000H, the scan mode is set in 
accordance with the data in the header portion of image data 
or is set to be the xl mode; if mask data is 40000H, the scan 
45 mode is set to be the x2 mode; and if mask data is 80000H, 
the scan mode is set to be the x4 mode. Thereafter, the flow 
returns to step S141. 

Furthermore, if it is determined in step S148 that an 
"Attention Time Out" state has occurred, the flow advances 
50 from step S148 to step S160, and "Phase Overlaid Drive" 
post-processing is performed to stop the driving operation of 
the FLC panel 150. Subsequently, in step SI 61, a flag 
(attntmoutflg) indicating the attention time out state is set 
(ON). In step S162, the LED 109 is set in the blinking mode 



eating whether or not the timer unit 902 is in operation, if 55 in which the LED 109 is turned on/off at short periods to 
r«,e_nM — nn-» • indicate the unrecoverable mode. The operator can easily 

and visually confirm at a glance of the LED indication that 
an error has occurred in the apparatus. 
Thereafter, in step S163, "error" is set in errstat indicating 
so the error state, the display operation mode (dispmode) and 
the error state (errstat) are set in rwl; and the ON/OFF flag 
(timer) of the timer unit 902 in rw5 is set to be OFF. The flow 
then returns to step S141. 



rw5=»ON, it indicates that the timer unit 902 is in operation 
If the timer unit 902 is not in operation, the flow advances 
to step S144. In step S144, the timer unit is restarted, and 
rw5=ON is set. Thereafter, the flow advances to step S145 
in FIG. 30. 

If it is determined in step S143 that rw5=ON, i.e., the 
timer unit 902 is in operation, the flow directly advances to 
step S145 in FIG. 30. It is checked in step S145 if rwO (the 
user trimmer monitoring timing drawing line number 



On the other hand, if it is determined in step S145 that rwO 
counter value (linc))=0. If NO in step S145, normal drawing 65 (the user trimmer monitoring timing drawing line number 
processing is executed in step S146. Subsequendy, in step counter value (linc))o0, the flow advances to step S165, and 
S147, rwO (the user trimmer monitoring timing drawing line "Phase Overlaid Drive" post-processing is performed to'stop 
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the driving operation of the FLC panel 150. Subsequently, a 
temperature compensation routine is executed in step S166, 
and a color adjustment switch routine is executed in step 
S167. 

Thereafter, in step SI 68, the user trimmer monitoring 
timing drawing tine number counter value (line) is set in 
work register 0 (rwO), the display operation mode set by 
dispmode and the error state indicated by errstat are set in 
work register 1 (rwl), the buffer pointer (buffjpointer) of the 
transmission data buffer is set in work register 4 (rw4), and 
"OFF* is set as the ON/OFF flag (timer) of the timer unit 902 
in work register 5 (rw5). Then, the flow returns to step S141. 

If it is determined in step S141 in FIG. 29 that the 
POWERON signal is not at high level, since the power 
supply of the FLCD interface 2 is not turned on, the flow 
advances to step S170, and the control waits for 64 ts. 
Thereafter, it is checked again in step S171 if the POW- 
ERON signal is at high level If NO in step S171, a 
power-OFF sequence is executed in step S172, and the flow 
then returns to the power-ON processing starting from step 
S41 in FIG. 20. 

On the other hand, if YES in step S171, the flow advances 
from step S171 to step S173 to check if rw5«ON (the timer 
unit 902 is in operation). If NO in step S173, the flow returns 
to step S141. 

On the other hand, if YES in step S173, the flow advances 
to step S174 to perform panel driving stop processing, 
thereby stopping the driving operation of the FLC panel 150. 
In step S175, the buffer pointer (bufxpointer) of the trans- 
mission data buffer is set in work register 4 (rw4), and 
"OFF' is set in the ON/OFF flag (timer) of the timer unit 902 
in work register 5 (rw5). Thereafter, the flow returns to step 
S141. 

Furthermore, if it is determined in step S142 that the 
display operation mode is not the normal operation mode, 
the flow advances from step S142 to step S176 to check if 
the setting contents of work register 1 (rwl) indicate one of 
the two display operation modes selectable as the normal 
operation modes of the display apparatus of this 
embodiment, i.e., the static operation mode (static) or the 
sleep operation mode (sleep) as the power saving mode. If 
NO in step S176, the flow advances to step S180. 

On the other hand, if YES in step S176, the flow advances 
from step S176 to step S177 to check the luminance adjust- 
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ment trimmer 106 and the image quality adjustment trimmer 45 occurred in the apparatus. 



in step S183, the flow advances to step S184 to check if there 
are data to be received from the FLCD interface 2. If NO in 
step S184, the flow advances to step S185 to check if there 
are data to be transmitted to the FLCD interface 2. If NO in 
step S185, the flow returns to step S141 to perform the 
above-mentioned normal drawing processing. 

In the above-mentioned state, if it is determined in step 
S185 that data to be transmitted is generated, the flow 
advances from step S185 to step S186, and data in the 
transmission buffer is transmitted to the FLCD interface 2 
via the serial communication line. Thereafter, the value of 
the buffer address pointer is set in rw4 in step S187, so thai 
the next buffer stored data can be read out. Then, the flow 
returns to step S141. 

On the other hand, if it is determined in step S184 that 
there is data to be received, the flow advances from step 
S184 to step SI 90 to execute the SC reception processing 
routine, thus receiving data from the FLCD interface 2, 
Thereafter, in step SI 91, data added to the header portion of 
image data received in the SC reception processing routine 
are set in the work register area of the RAM 162. That is, the 
display operation mode (dispmode) and error state (errstat) 
are set in rwl, the buffer pointer (buffpointer) of the trans- 
mission data buffer in rw4 is updated, and mask 1 
(scmodemskl) for extracting the designated scan mode from 
the header portion of image data is set in rw6. If the mask 
data is cOOOOH, the scan mode is set in accordance with data 
in the header portion of image data; if the mask data is 
00000H, the scan mode is designated via a communication. 
In addition, mask 2 (scmodemsk2) for extracting the desig- 
nated scan mode from the header portion of image data is 
set. If mask data is 0OOOOH, the scan mode is set in 
accordance with the data in the header portion of image data 
or is set to be the xl mode; if mask data is 40000H, the scan 
mode is set to be the x2 mode; and if mask data is 80000H, 
the scan mode is set to be the x4 mode. Thereafter, the flow 
returns to step S141. 

Furthermore, if it is determined in step S183 that an 
"Attention Time Out" state has occurred, the flow advances 
from step S183 to step S195, and a flag (attntmoutflg) 
indicating the attention time out state is set (ON). In step 
S196, the LED 109 is set in the blinking mode in which the 
LED 109 is turned on/off at short periods to indicate the 
unrecoverable mode. The operator can easily and visually 
confirm at a glance of the LED indication that an error has 



107 as the user trimmers. Then, the color switch routine 
according to the setting state of the color adjustment switch 

108 is executed in step S178. 

Thereafter, in step S179, the display operation mode set 
by dispmode and the error state indicated by errstat are set 
in rwl, and the buffer pointer (buffpointer) of the transmis- 
sion data buffer is set in work register 4 (rw4). The flow then 
advances to step S180. 

It is checked in step S180 as in step S176 if the setting 
contents of work register 1 (rwl) indicate one of the two 
display operation modes selectable as the normal operation 
modes of the display apparatus of this embodiment, i.e., the 
static operation mode (static) or the sleep operation mode 
(sleep) as the power saving mode. If NO in step S180, the 
flow jumps to step S182. 

On the other hand, if YES in step S180, the flow advances 
from step S180 to step S181, and the LED 109 is set in the 
blinking mode in which the LED 190 is turned on/off at short 
periods. The flow then advances to step S182. 

In step S182, the control waits for about a 1H period, and 
then, the flow advances to step S183. It is checked in step 
S183 if an "Attention Time Out" state has occurred. If NO 
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Thereafter, in step S197, "error" is set in errstat indicating 
the error state, the display operation mode (dispmode) and 
the error state (errstat) are set in rwl, and the ON/OFF flag 
(timer) of the timer unit 902 in rw5 is set to be OFF The flow 
then returns to step S141. 

The display mode in the above description will be 
explained below. The FLCD 3 of this embodiment has three 
display modes in a normal operation state, i.e., the normal 
operation display mode (Normal), the static display mode 
(Static) suitable for displaying a still image, and the sleep 
mode (Sleep) in which the entire display screen of the FLCD 
3 is painted in black and the backlights are turned off to 
attain a power saving state, as shown in FIG. 32, In addition, 
the FLCD 3 has a display mode upon occurrence of an 
unrecoverable error. In this case, the screen display opera- 
tion maintains a state immediately before an unrecoverable 
error has occurred. In order to discriminate the respective 
operation mode states, the ON/OFF control of the LED 109 
is performed together. As described above, in the sleep 
mode, the LED is turned on/off at 1-sec intervals, and in an 
unrecoverable error, the LED is turned on/off at 0.5-sec 
intervals as shorter blinking intervals than in the sleep mode. 
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In this embodiment, since the LED is set in different ON step S202, an interrupt cause register is cleared. Thereafter 

states in correspondence with the respective operation states, in step S203, the BUSY signal as an image data request 

even when the operator leaves the display apparatus for a signal to the FLCD interface 2 is set at low level to indicate 

while, he or she can recognize the current state of the display "not busy". 

apparatus by observing the LED ON state. As a result, the 5 When the FLCD 3 sets the BUSY signal at low level to 

operator can be prevented from erroneously judging the indicate "not busy", the FLCD interface 2 sets the AHDL 

operation state in the sleep mode as the power-OFF state, signal at high level, as described above, and at the same 

and can easily recognize whether or not an unrecoverable time, sequentially sends image data with the scan address 

error has occurred. Therefore, an operation error can be onto the image data buses PDO to PD15 in synchronism with 

prevented, and an appropriate measure can be taken. 10 FCLK. When the driver controller 190 of the system con- 

The normal drawing processing shown in FIG. 30 will be troller 160 receives the scan address included in the image 

described m detail bebw. Prior to the description of this data, it stores the address in the CSLA (reception address) 

processing, the image data display position of the FLC panel register 526 and outputs an IREQ signal. Therefore it is 

150 of this embodiment will be described below. The image checked in step S204 if this signal is received thereby 

data display position of the FLC panel 150 forms one pixel is determining if scan address reception is completed. If an 

using four, R, G, B, and W colors, and pixel data is IREQ signal is not received yet, it is checked in step S205 

expressed by four color data DO to D3. For example, as if the timeout state of the AHDL signal has occurred since 

shown m FIG. 33, when the display panel of this embodi- no AHDL signal is received. If NO in step S205 the flow 

ment can display 1,280 pixelsxl ,024 lines, segment data for returns to steps S204 and S205 described above. ' 

one common scan line address (AO to All) consist of a total 20 If the driver controller 190 receives the scan address the 

of 5,120 (-1,280x4) data (DO to D5U9). flow advances from step S204 to step S206, and the BUSY 

The FLCD 3 sets the BUSY signal at low level to indicate signal is set at high level in correspondence with a Mine 

"not busy". Upon reception of this signal, the FLCD inter- write period (1H) of the FLCD 3. Subsequently in step 

face 2 sets an AHDL signal at high level, and outputs a 12-bit S207, mask processing of a scan code is performed so as to 

scan address for one clock onto image data buses PDO to 25 extract only the scan code in the upper 2 bits of the received 

PD15 in synchronism with FCLK. Thus, the NFX controller scan address, and the scan mode code is discriminated in the 

101 of the FLCD 3 receives the address in correspondence subsequent steps. 

with a 1-line write period (1H) of the FLCD 3, and sets the It is checked in step S208 if a MODE change instruction 

BUSY signal at high level. that designates a mode different from the previous mode is 

FIG. 34 is a timing chart showing the signals during this 30 input. If NO in step S208, the flow advances to step S209 to 

intervaJ * check if the scan address falls within a selected address 

Furthermore, FIG. 35 shows the actual formats of data to range. If YES in step S209, the flow advances to step S210 

be supplied from the FLCD interface 2 in accordance with to check if the same address as the previous address is 

the timing chart shown in FIG. 34. As shown in FIG. 35, designated. If NO in step S210, the flow advances to step 

display data from DO to D15 to D5104 to D5119 are 35 S211 shown in FIG. 38. 

sequentially supplied using PDO to PD15 in synchronism In step S211 and the subsequent steps, normal address 

with the signal FCLK. drawing processing is performed. In step S211, the received 

As described above, the display mode is also supplied scan address is read out from the CSLA register 526 of the 
simultaneously with the scan address when the AHDLsignal driver controller 190, and is stored in the CSADS (scan 
is at high level FIG. 36 shows the transfer sequence in this 40 address) register 527. Subsequently, in step S212, the read- 
case. As shown in FIG. 36, the scan address is 12-bit data, out address value is stored in rw3 as the previous scan 
and has a margin in upper 4 bits. Thus, by utilizing this address value (preadd). In step S213, the control waits for a 
margin, the scan mode can be designated using the upper- compare interrupt bit (the driving start timing of the new 
most 2 bits. That is, if the uppermost 2 bits are (00), a xl scan address) of the timer unit 902. The transferred image 
scan mode is designated; if they are (01), a x2 scan mode; 45 data are stored in one of the two buffers 521 and 522. 
and if they are (10), a x4 scan mode. In the "xl" scan mode, Thereafter, in step S214, a 1H timer is started, and the 
Mine data is displayed as 1-line display data. In the "x2" driving control and display data rewrite control of the FLC 
scan mode, 1-line reception data is displayed for two lines, panel 150 are performed by the COM driver 104 and the U- 
In the "x4" scan mode, 1-line reception data is displayed for and L-SEG (segment) drivers 102 and 103 in the arrange- 
four lines. 50 me nt shown in FIG. 10. In step S215, the timer unit 902 is 

The scan mode is always set in the header portion sent cleared. Subsequently, in step S216, the control waits until 

prior to image data. When a scan mode different from the an LATHD signal, supplied from the driver controller 190 

previously output scan mode data is received, the scan mode after the 1H operation of the driver controller 190 side is 

set so far is replaced by the received scan mode. When the performed, changes to high level. Thereafter, the flow 
scan mode is designated by the "Set Multi" command in the 55 returns to the previous routine. 

serial communication, the scan mode designated by the Control signals are supplied from the driver controller 190 

command is set prior to the scan mode designated by data in to the respective drivers on the basis of information set in the 

the header portion. CSADS register 527, and this supply operation is started in 

The reception processing of display data sent from the response to a write access to the DST register 528 by the 
FLCD interface 2, as described above, and the drawing 60 system controller 160. When a write access to the DST 

processing of the display data on the FLC panel 150 (the register 528 is made, the driver controller 190 begins to 

normal drawing processing shown in FIG. 30) will be output driver control signals while starting a new 1H period 

described in detail below with reference to FIGS. 37 to 43. in synchronism with a signal TOUT0 output from the timer 

In the normal drawing processing in step S146 in FIG. 30, unit 902, and at the same time, image data stored in the 
SDI is output in step S201 to change the buffers 521 and 522 65 buffer 521 or 522 serving as a 1H delay buffer are division- 

(FIG. 8) of the driver controller 190 so that data is written ally transferred to the U- and L-SEG drivers 102 and 103. 

in one buffer, and data is read out from the other buffer. In Note that the 1H control will be described in detail later. 
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With this control, the normal address drawing processing 
is performed, and the display updating control of the input 
line is performed on the FLCD side. 

On the other hand, if it is determined in step S210 that the 
address range designates as the same address as the previous 5 
address, the flow advances from step S210 to S220, and the 
received address value is stored in rw3 as a previous scan 
address value (preadd). In step S221, a dummy address is set 
in the CSADS register 527. Subsequently, in step S222, the 
control waits for the compare interrupt bit of the timer unit 10 
902 (i.e., until the driving start timing of the dummy 
address). 



42 



16-bit header portion for one scan) are not "0", the flow 
advances to step S249. In this case, since the scan mode may 
be designated erroneously, a recoverable error attention 
(scan error attention) is selected, and is transmitted to the 
FLCD interface 2 in step S250. Subsequently, the current 
scan mode is set in rw2, and the updated buffer pointer is 
stored in rw4 in step S251. Then, the flow returns to the 
previous routine. Thereafter, the control shifts to the normal 
drawing processing in the normal display mode. 

Furthermore, if it is determined in step S209 that the scan 
address falls outside the address range, the flow advances to 
step S260, and a dummy address is set in the CSADS 
register 527, Subsequently, in step S261, the control waits 
for the compare interrupt bit of the timer unit 902 (i.e., until 



Thereafter, data is written in the DST register 528 to start 

the 1H timer in step S223, thereby executing the driving ^ 

control and display data rewrite control of the FLC panel is the driving start timing' of the dummy address)' TnVreafteT 

150 by the COM driver 104 and the U- and L-SEG drivers in step S262, data is written in the DST register 528 to start 

102 and 103 in the arrangement shown in FIG. 10. In step the 1H timer, thereby executing the driving control and 

5224, the timer unit 902 is cleared. Subsequently, in step display data rewrite control of the FLC panel 150 by the 

5225, the control waits until the LATHD signal changes to COM driver 104 and the U- and L-SEG drivers 102 and 103 
high level after the 1H operation of the driver controller 190 20 in the arrangement shown in FIG. 10. In step S263, the 



side is performed. 

When the LATHD signal changes to high level, the 
previous scan address value (preadd) set in rw3 is set in the 
CSADS register 527 in step S226. In step S227, the control 
waits for the compare interrupt bit of the timer unit 902 (i.e., 
until the driving start timing of the next scan address). 
Thereafter, the 1H timer is started in step S228. The timer 
unit 901 is cleared in step S229, and the control waits until 
the LATHD signal changes to high level after the 1H 
operation of the driver controller 190 side is performed, in 30 
step S230. 

When the LATHD signal changes to high level, SDI is 
output to start transfer of segment data and the FLC panel 
150 starts the scan operation of the next line in step S231. 
Id subsequent steps S232 to S236, the same processing as in 35 
steps S221 to S225 described above is performed. 
Thereafter, in step S237, a dummy address is set in rw3 as 
the previous scan address value (preadd). The flow then 



control waits until the DACT signal changes to low level. 
Thereafter, the flow advances to step S264, and "OFF* is set 
in rw5 to stop the timer. 
In step S265, an out-of-address-range attention is 
25 selected. In step S266, the presence/absence of an identical 
attention is checked. It is then checked in step S257 if the 
identical attention is present. If YES in step S267, the flow 
directly returns to the previous routine to start a normal scan 
stop mode. 

On the other hand, if NO In step S267, the flow advances 
to step S268, and the attention falling outside the selected 
address range is transmitted. In step S269, the buffer pointer 
in rw4 is updated. Thereafter, the flow returns to the previous 
routine as in the above case. 

If a time-out state is reached without the AHDL signal 
from the FLCD interface 2 changing to high level in the 
above-mentioned loop processing in steps S204 and S205, 
the flow advances from step S205 to step S270 in FIG. 42, 
and the BUSY signal is set at low level. Subsequently, in 



returns to the previous routine. 

With this control, the repetitive display control of the 40 step S271, a dummy address is set in the CSADS register 

same address can be realized. 527. In step S272, the control waits for the compare interrupt 

Furthermore, if it is determined in step S208 that a scan bit of the timer unit 902 (i.e., until the driving start timing 

mode change instruction is received, the flow advances from of the dummy address). 

step S208 to step S240, and the received scan mode value is Thereafter, in step S273, data is written in the DST 

stored in rw2. In step S241, a dummy address is set in the 45 register 528 to start the 1H timer, thereby executing the 

CSADS register 527. Subsequently, in step S242, the control driving control and display data rewrite control of the FLC 

waits for the compare interrupt bit (the driving start timing panel 150 by the COM driver 104 and the U- and L-SEG 

of the dummy address) of the timer unit 902. drivers 102 and 103 in the arrangement shown in FIG. 10. 

Thereafter, in step S243, data is written in the DST In step S274, the control waits until the DACT signal 

register 528 and the 1H timer is started, thereby executing 50 changes to low level. Thereafter, the flow advances to step 

the driving control and display data rewrite control of the S275, and "OFF* is set in rw5 to stop the timer. 

FLC panel 150 by the COM driver 104 and the U- and Subsequently, it is checked in step S276 if the AHDL 

L-SEG drivers 102 and 103 in the arrangement shown in time-out retry counter (ahdlretry) is 0. If YES in step S276, 

FIG. 10. In step S244, the control waits until a DACT signal the flow advances to step S277, and a recoverable error 

changes to low level. Thereafter, the flow advances to step 55 attention (AHDL time-out attention) is selected. In step 

S245, and "OFF* is set in rw5 to stop the timer. S278, the selected attention is transmitted to the FLCD 

Subsequently, in step S246, four bits of the masked interface 2. The flow then jumps to step S280. 
received data except for the common scan address shown in In step S280, the contents of the AHDL time-out retry 
FIG. 36 are checked to discriminate if the lower 2 bits of the counter (ahdlretry) are incremented by 1, the display opera- 
scan code portion are "0". If YES in step S246, the flow 60 tion mode set by dispmode and the error state indicated by 



advances to step S247, and the designated scan code is set 
in scanmode to change the scan mode to the designated scan 
mode. Thereafter, in step S248, the CSADS register 527 or 
the like of the driver controller 190 is updated, and the flow 
returns to the previous routine. 

On the other hand, if it is determined in step S246 that the 
lower 2 bits of the scan code portion (upper 4 bits of the 



65 



errstat are stored in work register 1 (rwl), a dummy address 
is stored in work register 3 (rw3), and the updated buffer 
pointer is stored in work register 4 (rw4). The flow then 
returns to the normal scan stop mode. 

On the other hand, if it is determined in step S276 that the 
AHDL time-out retry counter (ahdlretry) is not 0, the flow 
advances to step S279 to check if the AHDL time-out retry 
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counter (ahdlretry) is equal to or smaller than 40. If YES in 

step S279, the flow advances to step S280. w- vc= vc- V2 = 3A9*daout 

On the other hand, if NO in step S279, the flow advances o 0681 x Vo Code rvi 

to step S281 to select a recoverable attention. It is checked ~ ° p ° 

in step S282 if an identical attention is present. If NO instep * vs- vc= iMxdaout 

S282, the flow advances to step S283, and an unrecoverable a 0 q 309 x y op c 0 de \y\ 
attention is selected. In step S284, the selected attention is 

transmitted. v3 ~ vc = vc ~ v4 = M*™0UT 

In step S287, an AHDL error is set in errs tat. After the = 0.0282 xVopCode [V] 

LED 109 is caused to blink at short intervals (0.5 sec 10 

intervals) in step S288, the flow advances to step S280. 

On the other hand, if YES in step S282, the flow advances ^ relationship between lHCode and 1H is: 

to step S285 to select an unrecoverable attention. In step ih=(csclk pcriai)x5x0iHCode+i)x0.4x5l^sec] 

5286, the transmission buffers are switched without trans- 15 ^ tcmpcraturc characteristics with respect to the driving 
mitting the selected attention. The flow then advances to step conditions of the FLC panel that generates the above- 

5287. mentioned driving waveforms are corrected using the driv- 
In the above description, the AHDL time-out time is 25 mg voltage (Vop) applied to the panel and the driving period 

ms after the BUSY signal changes to low level. After an (1H) on the basis of a signal indicating the temperature in the 

elapse of this time, a BUSY signal is output, and a recov- 20 vicinity of the FLC panel 150 and detected by the tempera- 

erable error attention is issued. Thereafter, the BUSY signal hire sensor 105. In order to absorb all the variations of the 

is reset to high level, and reception of an AHDL signal is electrical system and the FLC panel characteristics, the 

monitored again. Upon reception of an AHDL signal, a temperature signal is finely adjusted by the image quality 

"Clear Attention" command is issued to start the normal adjustment trimmer 107. 

operation. FIG. 44 shows this state transition. 25 Note that the driving waveform voltage is defined so that 

On the other hand, after an AHDL time-out error has toe voltage changes to be vertically symmetrical with 

occurred and a recoverable attention is issued, if the number respect to VC in accordance with a change in temperature, 

of retries has reached a prescribed value (40), the control ™* compensation is attained by the arrangement shown in 

shifts to the static mode in which the FLC panel 150 is not . .„ . 

scanned. Then, a "Clear Attention" command is issued, and 30 FIGS - « ■J* «* s * ow ™ m & s ° f 8 i! mp ' ra '!! re COm " 

then, an unrecoverable attention is issued. FIG. 45 shows P^nt^lt 901 shown in FIG. 10 FIG. 48 shows the 

this state transition output 1H time and the Vop driving voltage output value as 

- . i ** * i jt *i~ a function of the input AD value from the A/D converters 

Furthermore, even when the attention * cleared, the ^ ^ 905 tQ ^ £ m nsation table 901 M 

BUSY signal is kept at low level until an AHDL signal is 35 ^ ^ yalue becomes smallef) me te ature becomes 

received, and it is determined after an elapse of 25 ms that higher For example> whefl the ^ yalue ^ 0> me tempera . 

a new AHDL time-out error has occurred. FIG. 46 shows the tare is 6Q o ^ and the ^ yahie fe about ^ 

state transition in this case. me temperature is about 5° C. In this embodiment, the 

As described above, the FLCD 3 side has control over apparatus is designed to prevent the temperature from 

exchange of display data, and the scan timing is corrected 40 exceeding 60° C, and the table stores compensation data up 

depending on the temperature of the FLC panel, thus attain- to 60° C. 

ing high quality of a displayed image, as will be described FIG. 49 shows examples of the frame frequency at the 

below. respective ambient temperatures at the start timing and at a 

The correction control of the scan timing in accordance timing after a sufficient time elapses from the start timing 

with the detection temperature of the FLC panel 150 in this 45 and the internal temperature is saturated, 

embodiment will be described below. FIG. 47 shows the Note that the frame frequency is the reciprocal of the 

driving waveforms denned by the U- and L-SEG drivers 102 rewrite time of 1,024 scan lines in this embodiment. That is, 

and 103, and the COM driver 104 of this embodiment. These m this embodiment, the entire frame can be updated three 

waveforms are defined by the data CWFD0 to CWFD3 and dmes in one second at a temperature of 5° C, and can be 

SWFD0 to SWFD3 output from the driver controller 190 50 u P dated 13 times in 0Qe 56000(1 at a temperature of 35° C. 

shown in FIG. 10, one period of each waveform is deter- ™ e rancrete u "f™ 1 ° f me u temperature compensation 

• , . f i 1TJ , 0 ^, , ,„ r ^ . m „ flrot , iro mm whose outline has been described above, will be described 

mined by the 1H code output irom the temperature com* , . . . r 4 T - TT ^,„ __ T ' , 

*- * ui j #u * ju *u *• below with reference to FIGS. 50 to 57. In this embodiment, 

pensation table and the clock timing generated by the timer , . • • * 1 ■ ™ • j 

n^-i • . • , , c 7? r 1 the user trimmer monitoring interval is 100 ms mdepen- 

umt 902, and the peak values of the waveforms are deter- 55 dend of ^ and when me ^ y ^ Ttm ^ ihQ 

mined by the output voltages VI, V5, V2, V3 ,V4, and VC same as the pfevious y ^ the processin ^ ends without 

of the liquid crystal driving voltage regulator 183. temperature compensation; when the user trimmer value 

FIG. 47 shows an example of the FLC panel driving changes, the temperature compensation is performed. Even 

waveforms of this embodiment. A scan selection signal in w hen the user trimmer value remains the same, the tem- 

FIG. 47 represents the driving signal waveform of the COM 50 perature control is performed at 30-sec intervals. 

driver 104, and an information signal represents the driving \ n the above description, "line" is set in work register rwO 

waveform of the SEG drivers 102 and 103. The relationship and the user trimmer value is monitored depending on the 

between Vopcode and the FLC panel driving voltages is as number of drawing lines. In this case, since the value "line" 

follows. changes depending on the temperature, the 100-ms user 

65 trimmer monitoring interval is constant, as described above. 

This temperature compensation routine is the processing 

DAOUT»vt>pCodex5 .0/256 in step S133 or S 16 6 described above. In this embodiment, 
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an analog adjustment signal Vu, which is to be input from Furthermore, if NO in step S323, the flow advances to 

the image quality adjustment trimmer 107 to the system step S325 shown in FIG. S3. It is checked in step S325 if the 

controller via the trimmer interface 174, must be converted detected temperature in the vicinity of the panel is higher 

into a corresponding digital signal (UVR) by the A/D ^ a predetermined boundary temperature. If NO in step 

converter 905, and then input to the system poller. For 5 5325, the flow advances to step S326 to check if the detected 

this reason, m step S301, the A/D converter 905 is des,g- tcmpcraturc mmspoa £ to a high-temperature range, 

aated as an mput target. If ^ in step S32 6, me flow jumps To step S330. § 

In step S302, the A/D converter 905 is activated. 0n ntl * *. f Mn - ' ^ " * p „ , 

Subsequently, it is checked in step S303 if the return code is J^^^^ S3 * 6 ' *" fl ° W ^T™ 

0. When the A/D converter 905 is activated in step S302, from stc P ^ 26 t0 ^ S327 to racute a waveform change 
A/D conversion is performed within a predetermined period 10 f^? 0 ' ^u^^y, in step S328, a boundary temperature 

of time, an interrupt signal indicating completion of con- for thc fogfr-kmperature range is set as a new boundary 

version is issued, and the return code is set to be 0 when the temperature. In step S329, a temperature compensation table 

A/D conversion has been completed at that time. If the for thc high-temperature range is selected. The flow then 

return code is not 0, an A/D-conversion time-out error has advances to step S330. In step S330, the uvr register value 
occurred. For this reason, if it is determined in step S303 that 15 that holds the user trimmer AD value is registered as a new 

the return code is not 0, the control advances to A/D- measured temperature, and the sum of the AD value of the 

conversion time-out processing (to be described later) in temperature sensor 105 and the image quality adjustment 

step SMS and the subsequent steps shown in FIG. 55. trimmer value is stored in advalue. Then, the flow advances 

On the other hand, if it is determined in step S303 that the to step S335 in FIG. 54. 
return code is 0, the flow advances to step S304, and the 20 On the other hand, if it is determined in step S325 that the 

conversion result of the A/D converter 905 is set in a uvr detected temperature in the vicinity of the panel is higher 

register for holding the user trimmer AD value. than the boundary temperature, the flow advances to step 

Subsequently, in step S305, the value of a temperature S331 to check if the detected temperature range corresponds 

compensation timing counter (compc) is decremented by 1. to a low-temperature range. If YES in step S331, the flow 

It is then checked in step S306 if the value of the temperature 25 jumps to step S330. 

compensation timing counter (compc) is 0. If NO in step On the other hand, if NO in step S331, the flow advances 

5306, the flow advances to step S307, and the read user from step S331 to step S332 to execute the waveform change 
trimmer AD value set in step S304 is compared with a routine. In this routine, the driving conditions are set by 
previous user trimmer value stored in a uvrprev register to looking up a waveform data table in the temperature corn- 
check if the two values are equal to each other. If YES in step 30 pensation table corresponding to the detected temperature so 

5307, since it is determined that the user has not performed as to determine a waveform, so that the waveform can be 
any adjustment, the flow advances to step S310 shown in changed in correspondence with the temperature, and the 
FIG * 51 • return code is set to be 0. Subsequently, in step S333, a 

In step S310, 100 ms as the user trimmer monitoring boundary temperature for the low-temperature range is set as 

interval is divided by 1H, and the quotient is stored in the 35 a new boundary temperature. In step S334, a temperature 

user trimmer monitoring timing drawing line number compensation table for the low-temperature range is 

counter (line). Then, the flow advances to step S311. With selected. The flow then advances to step S330. 

this control, the user trimmer value can be monitored at When the flow advances from step S330 to step S335, a 

100-ms periods. The AHDL time-out counter value is set in lHCode table for the timer unit 902 in the temperature 

step S311, and 0 is set in the return code in step S312, thus 40 compensation table is read out in accordance with the value 

ending this processing. of the advalue register that stores the sum of the AD value 

On the other hand, if it is determined in step S306 that the of the temperature sensor 105 and the image quality adjust- 

value of the temperature compensation timing counter ment trimmer value, and the readout table is set in a elk 

(compc) is 0, or if it is determined in step S307 that the read register in the system controller 160. Subsequently, in step 

user trimmer AD value is different from the previous user 45 S336, the value of the elk register is set in a 16-bit timer (not 

trimmer AD value, the flow advances to step S315. Instep shown). In step S337, the value of the elk register is 

S3 15, the uvr register value that holds the user trimmer AD incremented, and the incremented value is output as lHCode 

value is stored in uvrprev. Subsequently, in step S316, the (hcode) to be set in the timer unit 902. 

A/D converter 904 is designated as an input target so as to In step S338, a VopCode table for the driver controller 190 

read the temperature detected by the temperature sensor 105. 50 in the temperature compensation table is read out in accor- 

In step S317, the A/D converter 904 is activated. It is then dance with the value of the advalue register that stores the 

checked in step S320 if the return code is 0. If NO in step sum of the AD value of the temperature sensor 105 and the 

S320, the control advances to the A/D-conversion time-out image quality adjustment trimmer value. Subsequently, in 

processing (to be described later) in step S345 and the step S339, the readout VopCode is set in the D/A converter 

subsequent steps shown in FIG. 55. 55 of the Vop controller 173. 

On the other hand, if YES in step S320, the flow advances In step S339-2, a value "300" is set in the temperature 

to step S322 via step S321 to check if the detected tempera- compensation timing counter (compc). The flow advances to 

ture in the vicinity of the panel is higher than a predeter- step S340. 

mined upper-limit temperature. If YES in step S322, the In step S340, the value of the advalue register that stores 

control advances to a temperature upper-limit routine (comp 60 the sum of the AD value of the temperature sensor 105 and 

htmperr) shown in FIG. 56. the image quality adjustment trimmer value is set as a code 

On the other hand, if NO in step S322, the flow advances table in hcode (a code for informing the host of elapse of 

to step S323 to check if the detected temperature in the 1H). Subsequently, it is checked in step S341 if the set data 

vicinity of the panel is lower than a predetermined lower- is equal to the previous value. If YES in step S341, the flow 

limit temperature. If YES in step S323, the control advances 65 advances to step S310. 

to a temperature lower-limit routine (comp ltmperr) shown On the other hand, if hcode is not equal to the previous 

in FIG. 57. value, the flow advances to step S342, and a 1H code change 
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On the other hand if YF«! ■„ «t,„ .t, n a. ranker value remains the same, the temperature control is 

,„ f „T , Vf 8 m ste 5 S 362 ' 1110 flow advances is performed at 30-sec intervals. 

to step S363to check if the re-read temperature detected by Tie panel stop processing shown in FIG 29 will be 

the temperature sensor 105 * higher than the predetermined described belo J with reference to HG 58 to th°! 

On the otherUd, if YES in step S363. it is determined 20 ojtaLT^C plfl'/o " ^ 

Uiat a thermistor serving as the temperature sensor suffers In step S401, SDI is output to start transfer of seemen. 
SETf" r advancCS J . to stc P S 364 " In ste P dau, an.1 the PLC panel 150 sUrts te sc^ratio^fhe 

S364, the error state a ; set m errstat mdicating the error state. next line. Tfcen, the line buffers are changed tosep S402 

bSnTS m P * V T^' disconnectiDn e ™ « dummy address is set in the CSAfS re£e 5 527 to X 
S366 alher ^ * In ste P » S403, the control waits for the compare mte^t bit oflhe 

If it is determined in step S323 in FIG 52 that the Hri w «= m-> in* *u , 11110 L ^ tlJ 

temperate detected by the temperature^ Si Jl£ nTp s'Jof t e^ntt. waTS ^Act'S", 

than the predetermined lower-limit temperature, the flow chanees to low Wl Whln.^n*^?- , I f al 

advances to step S390 shown in FIG. 57, and the !S 35 2SS [£5 ASTS^S^SS'SStf'S^^ 

converter 904 1S designated as an input target so as to read then returns to the previous routine * ' 

^nS r n £ ^ by £L tem P erature sensor 105. In The color switch routine in step S131 in FIG 27 and the 

step S392, the control advances to the ^-conversion 40 in step S410, the trimmer interface 174 is activated to read 
SaKTS* 0 " e deSCribed ,3,er) k SteP 8345 - «* - - se^vreTth d e t0 colo d 

to step S393 to check if the re-read temperature detected by of the contrast enhancement switch It is checked in «en 
to temperature sensor 105 is lower than the predetermined 45 S4U if the read value is equal to Z preWous v£ue S 

On tne le7ha?d if^S in L ««n ; a • , «*. and the flow returns to the previous rouune. 

^ ' " 15 determmed On the other hand, if NO in step S411, the flow advances 
that the ihamistor serving as the temperature sensor is from step S411 to step S413 via step S412 iHtefsSS 
shon-cirauted, and the flow advances to step S394. In step so gray-binary conversion processing is performed fo fh S 

t^lT^Z%^ n Z m ^ e ^ ettOIS ^- ^ '° conwrt «W «* into a corresponSg binaxj 
Sequent ly, m step S395, a thermistor short-circuiting code, and the converted code is set in a new coS 
error bit w .toe self diagnosis result code "diagnosis" is set. enhancement value (cecode). A CEcode chaLe LZnt 

^d fn 1 lwT^ n :T^* W ^ * SeleCted to S414 ' - d k SSS^ "LCD 
iue ru_u interlace z. in step J>3»8, the LED 109 is set in the previous routine 

blinking state in which the LED 109 is turned on/off at short As described above, the FLCD 3 can supply the settinn 

,Wnt ? 7 ,h « dlCa,C err0r . State - ^ prOCeSS - Value of * e «" or ad j~ switch 1«T a f inl 
ins 1 ends, and the flow returns to the previous routine. contrast enhancement switch) to the FLCD interface 2 FIG 
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output corresponding to a switch circuit ON state due to the FIG. 63 is a timing chart showing the power- OFF 

presence of a pull-up resistor Rp of the trimmer interface sequence of the display apparatus of this embodiment. In an 

174. The states of the respective signals arc as shown in FIG. example shown in FIG. 63, the power-OFF sequence is 

61. In FIG. 61, position 0 instructs 16 gradation levels, i.e., called from the interrupt routine due to ACF detection when 

the smallest number of gradation levels, as the basic speci- 5 the ACF signal is disabled. 

fication of the FIX panel 150, and position 7 instructs about In this embodiment, the FLCD interface 2 and the FLCD 

32K gradation levels. 3 exchange various kinds of control data via serial 

Upon reception of the gray code defined by signals communications, and for this purpose, the system controller 

CESW, the system controller 160 converts the gray code 160 of the FLCD 3 performs the following communication 
shown in FIG. 61 into a binary code in the processing in step 10 control. 

S4L3, and sends the converted binary code to the FLCD In the Normal mode in which the normal drawing pro- 
interface 2 in step S415. The transmission processing has cessing is being performed, polling of the reception and 
been described in detail above with reference to FIG. 18. trarismission buffers of the internal RAM 162 is performed 
Upon reception of the switch value, the FLCD interface 2 at 1H ir J tcrv als- In the Static mode as the static state, the 
rewrites the de-gamma table in the de-gamma circuit 309 by 1<: Slcc P modc in which dl ^ segments are erased by black, 
looking up the ROM 308. As a result, the contrast of an ™ mode such 45 m ^recoverable error state, 
image displayed on the FLC panel 150 is changed. Image iht , rece P Uon ™? Emission buffers is per- 
data corrected by the de-gamma circuit 309 and output from f ° rm< ? eVery time lhe communication ansmission/ 
the host lare.ouiut to the binary halftone prc^sshg circuit ^Zcd^^ ™^ 0 » from the buffer are 

305. T^e binary halftone proc^ ffl First, the reception buffer is checked, and if new reception 

converts 8-bit R, G and B data into 1 -bit R, G and B data, data ^ detected> ^ processin to be b ; iow 

and also outputs a binary signal indicating the luminance ^ pcrformcd . Wh cn transmission data is stored in the 

CV ^l* nrc * 0 -« . ^„ „ A .„ , transmission data buffer, transmission processing is per- 

The power-OFF sequence m step S57 in FIG. 20 will be formed 
described in detail below with reference to FIG. 62^ In this ^ In ^ above . mentioned processing , m the caS e of the 

embodiment, the power-OFF sequence is executed m the Dormal drawing processing> tne processiQg up to polling is 

o owing roree cases, performed simultaneously with the driving operation of the 

1. when the SW power supply 120 is turned off, and the prx panel 150. However, when the reception processing or 
ACF signal from the SW power supply 120 is enabled me transmission processing from the transmission buffer is 
(after the end of the processing m FIG. 62, the control 30 performed, the corresponding processing is performed after 
returns to the entry point of hardware reset processing); the driving operation is stopped. Note that processing for the 

2. when the RESET signal from the FLCD interface 2 is transmission/reception command and the received command 
disabled (the control waits until the RESET signal is is not performed during an interval from power-ON to 
disabled after the end of the processing in FIG. 62, and issuance of a "Unit Ready" attention, and during execution 
then returns to the entry point of hardware reset 35 of the self diagnosis, but is performed after the end of such 
processing); and processing. 

3. when the POWER ON signal from the FLCD interface Since the communication control sequence is as described 
2 is disabled (in this case, the controls waits until the above, a repetitive description thereof will be avoided. In the 
POWERON signal is enabled after the end of the internal processing of the FLCD 3, the following operation 
processing in FIG. 62, and returns to the entry point of 40 is performed. 

hardware reset processing after the POWERON signal That is, upon reception of a command, the driving opera- 
is enabled). tion of the FLC panel 150 is stopped, and processing of the 
In the power-OFF sequence, the control waits for the end received command and transmission of a status are per- 
of the 1H period as the scan time of the driver controller 190, formed. In this case, the transmitted status is held until the 
i.e., waits for the DACT signal indicating the end of 1H, in 45 next command is received since a pointer is not operated 
step S420. Subsequently, in step S421, the backlight con- until the next command is received, as described in the 
troller 172 is instructed to turn off theBLSW, thus tuning off above flow charts. Therefore, the status can be re-sent 
the backlights. In steps S422 to S424, black erase processing quickly without requiring any special operation, if neces- 
for writing black data in all the segments of the FLC panel sary. FIG. 64 shows the internal processing state of the 
150 is executed. Since the FLC panel 150 can store display so FLCD 3 during this interval. 

data, the previous display data remains displayed on the Also, when a serial communication is performed in 

display screen unless this processing is executed. response to issuance of an attention, the attention state is set 

More specifically, in step S422, the COM driver 104 and from when the attention is issued until a command (Clear 

the two segment drivers 102 and 103 are energized so that Attention) for clearing the attention state is received, and the 

all the outputs select VC. In step S423, the information 55 control responds only to a specific command during this 

signals to the segment drivers 102 and 103 are fixed to V4 interval. Detailed information (Attentionlnformation) of an 

as an information signal level for displaying dark data for attention event is held during the attention state. FIG. 65 

(1Hx30). In step S424, VC is fixed for (1Hx30). With the shows the internal processing state of the FLCD 3 during 

above-mentioned control, all the display segments of the this interval. 

FLC panel 150 are erased by black. 60 When a command is received in the attention state, a 

Subsequently, in step S425, a DRVSW signal is set in the status for the received command is transmitted after the 

OFF state to disable the liquid crystal driving voltage output. attention state is cleared. On the other hand, SendedStatus 

After an elapse of 2 ms, the flow advances to step S426, and for a specific command is not held, and a previous status is 

the VEESW signal for energizing the output channel power held without being updated. FIG. 66 shows the internal 

supply (VEE) of the respective driver circuit is set in the 65 processing state of the FLCD 3 during this interval. 

OFF state. Thereafter, this processing ends, and the flow The buffering control of a transmission image, status, and 

returns to the previous routine. the like in the transmission data buffer will be explained 
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below. The FLCD 3 of this embodiment sets a transmission The processing operations corresponding to the received 
image including the transmission priority order, holding commands in step S435 will be explained below, 
operation information after transmission, and the detailed If it is determined in step S434 that the upper 4 bits are 
information (Attenuonlnformation) of an attention event in (Qx)h, the processing shown in FIG. 71 is executed. In step 
addition to transmission data upon transmission of a status 5 S440, the remaining lower 4 bits are checked to discriminate 
and an attention. When the previous transmission is not mc command type, and processing corresponding to the 
completed or an attention is not cleared buffering is per- st of thc command * executed in SC reception pro- 
formed in accordance with the priority order and the trans- ccssin routinc 3 ^ mc flow rcturns t0 mc ious 
mission and holding operations are performed when trans- routinc . SC rcC cption processing routine 3 will be described 
mission is ready. ^ r r & 

FIG, 67 shows an example of the transmission image in 1 a . . 4 . , . 4 „ A/yjt 4 . 4 . ... 

the above-mentioned processing, and FIG. 68 shows a M U * » determined in step S434 that the upper 4 bits are 

setting example of the priority order in the transmission < lx ) h > ?« V^ccssmg shown in FIG 72 is executed. In this 

image, case, since the command corresponds to the self diagnosis 

In this embodiment, using commands via serial instruction i of thc FLCD 3, the above-mentioned self diag- 

communications, an access to the memory space of the 15 nos ^ routine shown in FIG. 21 is executed in step S445. 

FLCD 3 can be made, and a read access to the memory space Subsequently, a status is selected in correspondence with the 

of the ROM 161/a write access to the memory space of the self diagnosis result in step S446, and the selected status is 

RAM 162 can be made. In this case, if the memory space transmitted to the FLCD interface 2 in step S447. Then, the 

that can be accessed via a communication is defined as an processing ends, and thc flow rcturns to the previous routinc. 

access space, and the actual address spaces in the ROM 161 20 If it is determined in step S434 that thc upper 4 bits are 

and the RAM 162 are defined as a real address space, (2x)h, the processing shown in FIG. 73 is executed. In this 

memory accesses are mapped to reduce thc transmission case, since the command informs the host ID, it is checked 

amount in serial communications in this embodiment, and in step S450 if the received host ID is an authorized one. If 

hence, the real address space cannot be recognized by the host ID sent from the host side (FLCD interface 2 side) 

accesses via serial communications. The 64- Kbyte access 25 is an authorized one, i.e., the host is the one for which 

space is mapped to arbitrary addresses in the 16 -Mbyte connection is permitted, the flow advances to step S451, and 

address space in units of 4 Kbytes. the received host ID is stored in a predetermined storage 

Mapping of memory accesses of the FLCD 3 in this area. A normal end status is selected and generated in step 

embodiment will be described below with reference to FIG. S452, and is transmitted in step S453. Thereafter, the pro- 

69. 30 cessing ends. 

An address space designated by a command via a serial On the other hand, if it is determined in step S450 that the 

communication consists of 16 bits, as indicated by 1001 in host ID is not an authorized one, the flow advances from step 

FIG. 69. The lower 12 bits of this space are used as lower S450 to step S454, and an abnormal end status (undefined 

12 bits of the real address space, and the remaining upper 4 host ID) is selected and generated. The flow then advances 

bits are used as a pointer to an attribute table 1002. In this 35 to step S453 to transmit the status to the FLCD interface 2. 

embodiment, the attribute table 1002 consists of a total of 16 If it is determined in step S434 that the upper 4 bits are 

words, and can be designated by 4 bits. (3x)h, the processing shown in FIG. 74 is executed. In this 

The attribute table 1002 is constituted by a 12bit real case, since the command corresponds to a display mode 

address portion for designating each of blocks, divided in switch instruction of the FLCD 3, a call destination is 

units of 4 Kbytes, in the real address space, and a 4-bit 40 discriminated based on a transition code in step S455, and 

portion for designating a read/write attribute of each block. the above-mentioned operation mode routine is executed in 

As described above, since mapping is performed using the step S456. Then, the display mode is set to be one discrimi- 

attribute table, the real address space with a larger capacity nated from the three modes, i.e., the normal display, static, 

can be accessed by a smaller communication amount, thus and sleep modes. The processing ends, and the flow returns 

improving the communication efficiency. 45 to the previous routine. 

The above-mentioned serial communication processing of If it is determined in step S434 that the upper 4 bits are 

this embodiment with the above-mentioned control will be (4x)h, the processing shown in FIG. 75 is executed. In this 

described below with reference to FIGS. 70 to 97. First, the case, since the command sets the FLCD 3 in a multi-driving 

SC reception routine in step S190 in FIG. 31 will be mode, MultiValue sent together with the command is read 

described below with reference to FIGS. 70 to 95. 50 and stored in step S460. In step S461, mask pattern 1 is 

In the SC reception processing, it is checked in step S430 obtained by looking up a table, and the obtained mask 

in FIG. 70 if reception data is present. If NO in step S430, pattern is stored. Subsequently, in step S462, mask pattern 2 

the flow directly returns. On the other hand, if YES in step is obtained by looking up a table, and the obtained mask 

5430, the flow advances from step S430 to step S431 to pattern is stored. A normal end status is selected and 
check if reception was normally performed. If NO in step 55 generated in step S463, and is transmitted in step S464. 

5431, the flow advances to step S432, and an error status is Then, the processing ends. 

selected in accordance with the error contents. Subsequently, On the other hand, in a normal user use state, if it is 

in step S433, the transmission processing of the selected determined in step S434 that the upper 4 bits are larger than 

error status to the FLCD interface 2 is executed. (4x)h, the processing shown in FIG. 76 is performed. In step 

On the other hand, if it is determined in step S431 that 60 S465, an error end status indicating an undefined command 

reception was normally performed, the flow advances to step is output, and the flow then returns to the previous routine. 

S434, and the upper 4 bits of a received command are Commands Larger than (8x)h are those for debugging, and 

checked to discriminate the command type. In step S436, are not used in a use state based on an application program 

one of the processing operations shown in FIGS. 71 to 82 is for a normal user. 

executed in accordance with the request of the command. 65 However, upon setting of a maintenance mode debugging 

Thereafter, the processing ends, and the flow returns to the mode) (not shown), commands larger than (8x)h must be 

previous routine. used for debugging, and in this case, the processing shown 
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in FIG. 76 is not perfonncd, but the processing operations 
shown in FIGS. 77 to 82 can be executed. The SC reception 
processing in the maintenance mode will be described 
below. In this case, in addition to the processing operations 
shown in FIGS. 71 to 75, the following command reception 
and corresponding processing operations are executed. 

If it is determined in step S434 that the upper 4 bits are 
(8x)h, the processing shown in FIG. 77 is executed. In this 
case, the received command is the "Write High Memory" 
command for instructing that upper data is written in the 
memory (RAM 162) in the FLCD 3. For this reason, it is 
checked in step S470 if the real address space of the 
designated memory is in a write enable state. Since this 
command must be executed after the data write address is set 
by the Set HH/MH/MIVLL Address commands (to be 
described later), the checking operatioo in step S470 is 
attained by checking the status bit, indicating the write 
enable or disable state, in the attribute table designated by 
attribute table designation information in the address space 
1001 shown in FIG. 69, which was received upon setting the 
address. 

If the designated real address space is in the write enable 
state, the flow advances to step S471, and data on the set real 
address space is temporarily loaded. The received data is set 
in the upper 4 bits in step S472, and the loaded data is stored 



US 6,348,910 Bl 

54 

In this case, since the command corresponds to an 
attribute table instruction, the real address space is loaded in 
the step S491 and bits 23 to 12 of the real address space are 
cleared in step S492. Subsequently, in 15 step S493, the 
5 attribute table is looked up based on the received data. In 
step S494, bits 15 to 4 of attribute data arc stored in bits 23 
to 12 of the real address space. Then, the read/write attribute 
of the attribute data is stored. 
Thereafter, a normal end status is selected in step S497, 
10 and the flow advances to step S498. In step S498, the 
selected status is transmitted to the FLCD interface 2. Then, 
this processing ends, and the flow returns to the previous 
routine. 

If it is determined in step S434 that the upper 4 bits are 
15 (bx)h, the processing shown in FIG. 80 is executed. In this 
case, since the command sets the upper middle 4 bits (All 
to A8) of the address bits of the memory address of the 
FLCD 3 including the above-mentioned data write 
operation, 4-bit received data included in an OP code of the 
20 received command is set and stored in bits 11 to 8 of the 
access space address in step S500. 

In step S501, the received data is set and stored in bits 11 
to 8 of the real address space. Subsequently, in step S502, a 

normal end status is selected, and the flow advances to step 

in the set real address* space in step S473. Thereafter, a 25 S503. In step S503, the selected status is transmitted to the 
normal end status is selected in step S474, and the flow FLCD interface 2. Then, this processing ends, and the flow 
advances to step S475. The selected status is transmitted to returns to the previous routine. 

the FLCD interface 2 in step S475. This processing ends, If it is determined in step S434 that the upper 4 bits are 
and the flow returns to the previous routine. (cx)h, the processing shown in FIG. 81 is executed. In this 

On the other hand, if it is determined in step S470 as the 30 case, since the command sets the lower middle 4 bits (A7 to 
checking result of the attribute that the designated real A4) of the address bits of the memory address of the FLCD 
address space is not in the write enable state, the flow 3 including the above-mentioned data write operation, 4-bit 
advances to step S476, and a write disable status is selected. received data included in an OP code of the command 
The flow then advances to step S475. The selected status is received in step S505 is set and stored in bits 7 to 4 of the 
transmitted to the FLCD interface 2 in step S475. This 35 access space address in step S505. 
processing ends, and the flow returns to the previous routine. In step S506, the received data is set and stored in bits 7 

If it is determined in step S434 that the upper 4 bits are to 4 of the real address space. Subsequently, in step S507, a 
(9x)h, the processing shown in FIG. 78 is executed. In this normal end status is selected, and the flow advances to step 
case, since the command is the "Set Low Memory" com- S508. In step S508, the selected status is transmitted to the 
mand for instructing that lower data is written in the memory 40 FLCD interface 2. Then, this processing ends, and the flow 
(RAM 162) of the FLCD 3, it is checked in step S480 if the returns to the previous routine. 

designated real address space is in a write enable state, as in If it is determined in step S434 that the upper 4 bits are 
step S470. (dx)h, the processing shown in FIG. 82 is executed. In this 

If the designated real address space is in the write enable case, since the command sets the lower 4 bits (A3 to AO) of 
state, the flow advances to step S481, and data on the set real 45 the address bits of the memory address of the FLCD 3 
address space is temporarily loaded. The received data is set -•—'-»«— ^- ™- • J ™ A Anf " ™- ™™ *™ A hlt 

in the lower 4 bits in step S482, and the loaded data is stored 
again at the set real address space position in step S483. 
Thereafter, a normal end status is selected in step S484, and 
the flow advances to step S485. In step S485, the selected 50 
status is transmitted to the FLCD interface 2. This process- 
ing ends, and the flow returns to the previous routine. 

On the other hand, if it is determined in step S480 as a 
result of checking the attribute that the designated real 



including the above-mentioned data write operation, 4-bit 
received data included in an OP code of the command 
received in step S510 is set and stored in bits 3 to 0 of the 
access space address in step S510. 

In step S511, the received data is set and stored in bits 3 
to 0 of the real address space. Subsequently, in step S512, a 
normal end status is selected, and the flow advances to step 
S513. In step S513, the selected status is transmitted to the 
FLCD interface 2. Then, this processing ends, and the flow 



address space is not in the write enable state, the flow 55 returns to the previous routine. 



advances to step S486 to select a write disable status, and the 
flow then advances to step S485. In step S485, the selected 
status is transmitted to the FLCD interface 2. Then, this 
processing ends, and the flow returns to the previous routine. 

If it is determined in step S434 that the upper 4 bits are 60 
(ax)h, the processing shown in FIG. 79 is executed. In this 
case, since the command sets the upper 4 bits (A15 to A12) 
of the address bits of the memory address of the FLCD 3 



With the above-mentioned address set commands, desig- 
nation of the real address space by means of address 
mapping shown in FIG. 69 is realized, and the above- 
mentioned data set commands can freely access the contents 
of the memory of the FLCD 3 from the FLCD interface 2 
side. For example, by utilizing these commands, the control 
program of the FLCD can be easily written, and can be very 
easily updated to an upper-version program. 

The read processing of the memory contents in the 



including the above-mentioned data write operation, 4-bit 

received data included in an OP code of the received 65 above-mentioned maintenance mode will be explained later, 
command is set and stored in bits 15 to 12 of the access The processing upon execution of SC reception process- 
space address in step S490. ing routine 3 in step S441 when it is determined in step S434 
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that the upper 4 bits arc (0x)h will be described in detail If it is determined in step S440 that the lower 4 bits are 5 

below. In this case, the processing operations shown in and a total of 8 bits is (05)h, since the received command is 

FIGS. 83 to 95 are executed depending on the value of the a command requesting the display mode (normal display 

lower 4 bits. The following explanation will be given in mode, static mode, or sleep mode) of the FLCD 3, the 

accordance with the value of the lower 4 bits. 5 processing shown in FIG. 88 is executed. In step S545, the 

If it is determined in step S440 that the lower 4 bits are 0 current display mode of the FLCD 3 is set in a status. In step 

and a total of 8 bits is (00)h, since the received command is S546, the status is transmitted to the FLCD Interface 2. 

a unit ID request command of the FLCD 3, the processing Then, the processing ends, and the flow returns to the 

shown in FI G. 83 is executed. In step S520, the unit ID of previous routine. 

the FLCD 3 is set in a status. In step S521, the status is 10 If it is determined in step S440 that the lower 4 bits are 6 

transmitted to the FLCD interface 2. Then, the processing and a total of 8 bits is (06)h, since the received command is 

ends, and the flow returns to the previous routine. a command requesting a status pertaining commands, the 

If it is determined in step S440 that the lower 4 bits are 1 processing shown in FIG. 89 is executed. It is checked in 

and a total of 8 bits is (01)h, since the received command is step S550 if the FLCD 3 is in the command hold state. If 

a unit 1H request command of the FLCD 3, the processing 15 YES In step S550, the flow advances to step S551 to set the 

shown in FIG. 84 is executed. In step S525, the current held command in a status. Subsequently, in step S552, the 

lHCode of the FLCD 3 is set in a status. In step S526, the set status is transmitted to the FLCD Interface 2. Then, the 

status is transmitted to the FLCD interface 2. Then, the processing ends, and the flow returns to the previous routine, 

processing ends, and the flow returns to the previous routine. On the other hand, if NO In step S5S0, the flow advances 

If it is determined in step S440 that the lower 4 bits are 2 20 to step S553 to set an error status, and the flow advances to 

and a total of 8 bits is (02)h, since the received command is step S552. In step S552, the set error status is transmitted to 

a command requesting the FLCD 3 to start its unit and to the FLCD interface 2, and the flow then returns to the 

output a BUSY signal, the processing shown in FIG. 85 is previous routine. 

executed. It is checked in step S530 if the current operation If it is determined in step S440 that the lower 4 bits are 8 

mode of the FLCD 3 is the wait state. If NO in step S530, 25 and a total of 8 bits is (08)h, and if it is determined in step 

the flow advances to step S531 to set the operation mode. S440 that the lower 4 bits are 8 and a total of 8 bits is (09)h, 

Subsequently, in step S532, a normal end status is selected, the received commands are commands for reading out the 

and the flow advances to step S533. In step S533, the contents of the upper and lower 4 bits of the memory of the 

selected status is transmitted to the FLCD interface 2. Then, FLCD 3 by the FLCD interface 2 side. This command is one 

the processing ends, and the flow returns to the previous 30 for debugging as in the above-mentioned case wherein the 

routine. upper 4 bits are 8 to d. 

On the other hand, if it is determined in step S530 that the If it is determined in step S440 that the lower 4 bits are 8 

current operation mode is the wait state, the flow advances and a total of 8 bits is (08)h, since the received command is 

to step S534, and an error end status indicating the already a command for reading the contents of the upper 4 bits of the 

started state is set. The flow then advances to step S533, and 35 memory of the FLCD 3, the processing shown in FIG. 90 is 

the set status is transmitted to the FLCD interface 2. The executed. It is checked in step S555 if the designated real 

flow then returns to the previous routine. address space of the memory is set in the read enable state. 

If it is determined in step S440 that the lower 4 bits are 3 Since this command must be executed after the data write 

and a total of 8 bits is (03)h, since the received command is address is set by the Set HH/MH/ML/LLAddress commands 

a command requesting attention information, the processing 40 (to be described later), the checking operation in step S555 

shown in FIG. 86 is executed. It is checked in step S535 if is attained by checking the status bit, indicating the write 

the FLCD 3 is in the attention state. If YES in step S535, the enable or disable state, in the attribute table designated by 

flow advances to step S536 to set attention information. attribute table designation information in the address space 

Subsequently, in step S537, the set attention information is 1001 shown in FIG. 69, which was received upon setting the 

transmitted to the FLCD interface 2. Then, the processing 45 address. 

ends, and the flow returns to the previous routine. If the designated real address space is in the read enable 

On the other hand, if it is determined in step S535 that the state, the flow advances to step S556, and data on the set real 

FLCD 3 is not in the attention state, the flow advances to address space is loaded. In step S557, the upper 4 bits are set 

step S538 to set an error end status indicating that the FLCD in a status. Subsequently, in step S558, the set status is 

3 is not in the attention state, and the set status is transmitted 50 transmitted to the FLCD interface 2. Then, the processing 

to the FLCD interface 2 in step S537. Thereafter, the flow ends, and the flow returns to the previous routine, 

returns to the previous routine. On the other hand, if it is determined in step S555 as a 

If it is determined in step S440 that the lower 4 bits are 4 result of checking the attribute that the designated real 

and a total of 8 bits is (04)h, since the received command is address space is not in the read enable state, the flow 

a command requesting an attention status bit, the processing 55 advances to step S559 to select a read disable status. In step 

shown in FIG. 87 is executed. It is checked in step S540 if S558, the selected status is transmitted to the FLCD inter- 

the FLCD 3 is in the attention state. If YES in step S540, the face 2. Then, the processing ends, and the flow returns to the 

flow advances to step S541 to set an attention status bit. previous routine. 

Subsequently, in step S542, the set attention status bit is If it is determined in step S440 that the lower 4 bits are 8 

transmitted to the FLCD interface 2. Then, the processing eo and a total of 8 bits is (09)h, since the received command is 

ends, and the flow returns to the previous routine. a command for reading the contents of the lower 4 bits of the 

On the other hand, if it is determined in step S540 that the memory of the FLCD 3, the processing shown in FIG. 91 is 

FLCD 3 is not in the attention state, the flow advances to executed. It is checked in step S560 if the designated real 

step S543 to set an error end status indicating that the FLCD address space of the memory is set in the read enable state. 

3 is not in the attention state, and the set status is transmitted 65 Since this command must be executed after the data write 

to the FLCD interface 2 in step S542. Thereafter, the flow address is set by the Set HH/MH/ML/LLAddress commands 

returns to the previous routine. (to be described later), the checking operation in step S560 
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is attained by checking the status bit, indicating the write mission buffer for the next position of those with higher 

enable or disable state, in the attribute table designated by priority levels shown in FIG. 68. In step S661, data is set at 

attribute table designation information in the address space the insertion position. In step S662, the buffer pointer 

1001 shown in FIG. 69, which was received upon setting the (buffpointer) of the SCI buffer is updated, and the flow 

address. 5 returns to the previous routine. 

If the designated real address space is in the read enable On the other hand, if the SCI buffer is empty, the flow 

state, the flow advances to step S561, and data on the set real advances to step S652 to check if transmission information 

address space is loaded. In step S562, the lower 4 bits are set has priority equal to or lower than level 3 of the priority 

in a status. Subsequendy, in step S563, the set status is order shown in FIG. 68. If NO in step S652, the flow 
transmitted to the FLCD interface 2. Then, the processing 10 advances to step S653 to check if the FLCD is in the 

ends, and the flow returns to the previous routine. attention state. If YES in step S6S3, the flow advances to 

On the other hand, if it is determined in step S560 as a step S660; otherwise, the flow advances to step S654. 
result of checking the attribute that the designated real On the other hand, if transmission information has prior- 
address space is not in the read enable state, the flow ity equal to or lower than level 3, the flow advances to step 
advances to step S564 to select a read disable status. In step 15 S654. In step S654, it is checked if the SCI buffer is empty. 
S563, the selected status is transmitted to the FLCD inter- If NO in step S654, the flow advances to step S660. 
face 2. Then, the processing ends, and the flow returns to the On the other hand, if YES in step S654, the flow advances 
previous routine. to step S655, and the system controller 160 transmits data 

If it is determined in step S440 that the lower 4 bits are a whose transmission is designated by the buffer pointer 

and a total of 8 bits is (0a)h, since the received command is 20 (buffpointer) of the SCI buffer to the FLCD interface 2. 

a command for clearing the attention state, the processing Subsequently, the processing for updating the current hold 

shown in FIG. 92 is executed. It is checked in step S565 if state (i.e., the processing for clearing the hold state) is 

the FLCD 3 is in the attention state. If YES in step S565, the executed in step S656, and the transmission buffer is updated 

flow advances to step S566. In step S566, the attention state in step S657. In step S658, the buffer pointer (buffpointer) of 

is cleared, and an attention end status is set Subsequently, 25 the SCI buffer is updated, and the flow returns to the 

in step S567, the set attention end status is transmitted to the previous routine. 

FLCD interface 2. Then, the processing ends, and the flow The hold state updating processing in step S656 in the 

returns to the previous routine. above-mentioned processing will be described in detail 

On the other hand, if it is determined in step S565 that the below with reference to the flow chart in FIG. 97. 

FLCD 3 is not in the attention state, the flow advances to 30 In step S600, one of the following routines is selected in 

step S5 68 to set an error end status indicating that the FLCD accordance with the held clear code to execute processing of 

3 is not in the attention state, and the set status is transmitted the selected routine. That is, if the clear code is 0, since it is 

to the-FLCD interface 2 in step S567. Then, the flow returns determined in step S601 that no processing is required, the 

to the previous routine. flow directly returns to the previous routine. 

If it is determined in step S440 that the lower 4 bits are b 35 On the other hand, if the clear code is 2, since it indicates 

and a total of 8 bits is (0b)h, since the received command is clearing of the attention bit, the flow advances from step 

an FLCD contrast enhancement transmission request S 605 to step S606, and the attention bit of holdstat indicating 

command, the processing shown in FIG. 93 is executed. In the hold state of the transmitted status/attention is cleared, 

step S570, CE (Gray Code) of the FLCD 3 is converted into Then, the processing ends, and the flow returns to the 

a binary code. This conversion processing has been 40 previous routine. 

described in detail above. In step S571, the contrast If the clear code is 3, since it indicates holding of an 

enhancement value converted into binary information is set attention, the flow advances from step S610 to step S611, 

in a status. Subsequently, in step S572, the set status is and the transmitted attention image is set in sendedatteo 

transmitted to the FLCD interface 2. Then, the processing indicating the transmitted attention image. Subsequently, in 

ends, and the flow returns to the previous routine. 45 step S612, the attention bit of holdstat indicating the hold 

If it is determined in step S440 that the lower 4 bits are c state of the transmitted status/attention is set. Then, this 

and a total of 8 bits is (0c)h, since the received command is processing ends, and the flow returns to the previous routine, 

an acquisition request command of the multi-driving mode Furthermore, if the clear code is 4, since it indicates 

(scan mode) of the FLCD, the processing shown in FIG. 94 clearing of a status, the flow advances from step S615 to step 

is executed. In step S575, MultiValue indicating the scan 50 S616, and the status bit of holdstat indicating the hold state 

mode of the FLCD 3 is set in a status. Subsequently, in step of the transmitted status/attention is cleared. Then, this 

S576, the set status is transmitted to the FLCD interface 2. processing ends, and the flow returns to the previous routine. 

Then, the processing ends, and the flow returns to the If the clear code is 5, since it indicates holding of a status, 

previous routine. the flow advances from step S620 to step S621, and the 

If it is determined in step S440 that the lower 4 bits are 55 transmitted status image is set in sendedstatus indicating the 

other than the above-mentioned codes (e.g., 7h, Odh, Oe, transmitted status image. Subsequendy, in step S622, the 

Ofh), the processing shown in FIG. 95 is executed. In step status bit of holdstat indicating the hold state of the trans- 

S580, an error end status indicating an undefined command mitted status/attention is set. Then, this processing ends, and 

is set. Subsequently, in step S581, the set error end status is the flow returns to the previous routine, 

transmitted to the FLCD interface 2. Then, the processing 60 Furthermore, if the clear code has a value other than the 

ends, and the flow returns to the previous routine. above-mentioned value, since it is an error, the flow 

The transmission processing to the FLCD interface 2 in advances from step S625 to step S626, and the flow returns 

the above description will be described in detail below with to the previous routine without any processing as an error, 

reference to FIG. 96. As described above, according to this embodiment, in the 

It is checked in step S651 if an SCI buffer serving as a 65 information processing system (or apparatus), since a dis- 

hardware buffer for transmission is empty. If NO in step play (FLCD) using a ferroelectric liquid crystal cell, which 

S651, the flow advances to step S660 to search the trans- can have a very low profile as compared to a CRT as a means 
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for realizing a visual expression function of inform a don, has invention may be applied to a case wherein the invention is 

characteristics for storing the displayed contents, the FLCD attained by supplying a program to the system or apparatus, 

has an intelligence function of, e.g., communicating with the as a matter of course. 

host side to confirm each other's states, and can automati- Th e objects of the present invention are also achieved by 

cally adjust itself to an optimal state independently of the 5 supplying a storage medium, which records a program code 

host side state, so as not to disturb the displayed contents °* a software program that can realize the functions of the 

upon powcr-ON and power-OFF of the system. In addition, above-mentioned embodiments to the system or apparatus, 

the FLCD can be naturally used as compared to a conven- and rcadin g out and executing the program code stored in the 

tional display apparatus, and the user can easily recognize slora Se medium by a computer (or a CPU, MPU, or the like) 

the state of the display apparatus side since the indication to of or apparatus. 

mode of the LED is changed in correspondence with the , ln mis ^ the P«*«* code ^ad out from the 

state of the display apparaL. For this reason, the user can T ™ ^ ^I™? 00 * ° f ! he 

. , . / mentioned embodiments, and the storage medium which 

take an appropriate measure^ stores the program code constitutes the present invention. 

Since the display speed of die FLCD delicately changes M ^ * to mcdilim fof ^pp^^ pro codC) 

depending on its temperature (the speed becomes higher if 15 for exam ple, a floppy disk, hard disk, optical disk) magneto- 

the temperature becomes higher), the data transfer period is optical ^ CD-ROM, CD-R, magnetic tape, nonvolatile 

changed accordingly, thus improving displayed image qual- memory card, ROM, and the like may be used. 

ltv - The functions of the above-mentioned embodiment may 

Furthermore, since communications other than transfer of be realized not only by executing the readout program code 

display image data to the FLCD are attained using serial 20 by the computer but also by some or all of actual processing 

communications, a high data transfer speed of display image operations executed by an OS running on the computer on 

data to the FLCD can be assured, and the displayed image the basis of an instruction of the program code, 

quality can be prevented from being impaired. Furthermore, the functions of the above-mentioned 

In this embodiment, two interfaces, Le., the bus 310 embodiment may be realized by some or all of actual 

exclusively used for transferring image data, and the serial 25 processing operations executed by a CPU or the like 

communication line 311 used for exchanging commands and arranged in a function extension board or a function exten- 

attentions are arranged between the FLCD interface 2 and sion unit, which is inserted in or connected to the computer 

the FLCD 3. However, in practice, since these interfaces are and receives the program code read out from the storage 

stored in a single cable, and the FLCD interface 2 and the medium. 

FLCD 3 are connected via the single cable, thejiser feek as 30 ADVANTAGE OF THE PRESENT INVENTION 

if data were exchanged via a single interface, thus avoidmg 

confusion upon connection of wiring lines. Even when this ^ described above, according to the present invention, 

cable is disconnected, the user can easily recognize this ^ information supply apparatus can directly access the 

state. Also, even when supply of display data from the host storage means of the display apparatus, and can cope with 

side to the display apparatus side is stopped, the displayed 35 everv states of me display apparatus, 

contents can be prevented from being disturbed. In this case, since the address information of the storage 

According to this embodiment, since the contents of the means can be modified using an area specifying table, and 

ROM 161 and the RAM 162 of the FLCD 3 can be accessed ^ c address information amount for communicating between 

in practice by the FLCD interface 2 side, every situations ^ information supply apparatus and the display apparatus 

can be coped with. Furthermore, in this case, in place of 40 can be reduced. In addition, when storage area attribute 

sending the entire address of a memory to be accessed, the information is registered in this area specifying table, the 

attribute table is used to greatly reduce the address trans- display apparatus side can easily protect an area whose 

mission amount without influencing transmission of image contents must be prevented from being inadvertently rewrit- 

display information. For this reason, such address data can tcn - F° r example, a read enable area and a write enable area 

be sufficiently sent via the serial communications. 45 can be easily distinguished from each other. 

Also, the read and write enable areas can be easily and Furthermore, when some specifications of the display 

reliably designated by the attribute table, and the memory apparatus are to be changed using the above-mentioned 

space can be easily set function, the contents of the memory of the display appa- 

Furthermore, this accessible memory space has no rams can be easily rewritten, thus appropriately coping with 

limitation, and the FLCD interface 2 (host 1) side can 50 every situations. Furthermore, since the contents of the 

recognize the control sequence of the display apparatus in status storage area of the display apparatus can be read out 

detail. For example, when this memory access fimction is from the information supply apparatus, the information 

used in the manufacturing process, the control state of the supply apparatus can adequately recognize the details of the 

display apparatus can be analyzed precisely, and every states states of the display apparatus. 

can be fetched. 55 As many apparently widely different embodiments of the 

Furthermore, since at least one word in the attribute table present invention can be made without departing from the 

can be rewritten by the host side, the entire memory can be spirit and scope thereof, it is to be understood that the 

freely accessed, and debugging of the display apparatus can invention is not limited to the specific embodiments thereof 

be efficiently performed. Furthermore, since information except as defined in the appended claims, 

indicating whether or not the address is normally set is 60 What is claimed is: 

supplied from the FLCD 3 to the FLCD interface 2 prior to 1. A display apparatus, which is connected to an infor- 

an access, the FLCD interface 2 can be prevented from mation supply apparatus for supplying display information 

reading out data at a wrong address position due to an via transmission means including a first bus for transmitting 

address setting error. display data to be displayed at a first speed and a second bus 

Note that the present invention may be applied to either a 65 independent from the first bus for transmitting communi- 

system constituted by a plurality of equipments, or an eating data at a second speed slower than the first speed, 

apparatus consisting of a single equipment. Also, the present comprising: 
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storage means for storing the display information supplied 
from the information supply apparatus and various 
kinds of information such as a control procedure of said 
display apparatus; 

a display screen for visually displaying the display infor- 
mation received from the information supply apparatus 
via the first bus; 

address reception means for receiving an address via the 
second bus, for reading data stored in said storage 
means requested by the information supply apparatus, 
supplied from the information supply apparatus, as a 
first address for identifying a position in an accessible 
memory space by the second bus; 

address conversion means for converting the first address 
received by said address reception means into a second 
address of said storage means, said second address 
identifying a position in a real address space of said 
storage means; 

reading means for reading information stored at a storage 
position of said storage means in accordance with the 
second address converted by said address conversion 
means; and 

transmission control means for controlling the transmis- 
sion means so as to transmit control procedure infor- 
mation read by said reading means to the information 
supply apparatus via the second bus of the transmission 
means. 

2. The apparatus according to claim 1, wherein said 
display screen includes means for holding a display state of ^ 
an image. 

3. The apparatus according to claim 2, wherein said 
display screen has a ferroelectric liquid crystal display. 

4. The apparatus according to claim 3, wherein said 
display screen comprises a backlight, and displays the 35 
information using light emitted by said backlight and trans- 
mitted through said ferroelectric liquid crystal display. 

5. The apparatus according to claim 1, wherein said 
address reception means also receives information to be 
written in said storage means and write position designation 
information from said information supply apparatus, 

wherein said address conversion means also converts the 
write position designation information received by said 
address reception means into an address, and 

wherein said access means also writes information 
received by said address reception means at the address 
of said storage means. 

6. The apparatus according to claim 1, wherein said 
address reception means can transmit, to the information 
supply apparatus, information indicating whether or not the 50 
reception address information is normally received. 

7. The apparatus according to claim 1, wherein said 
address conversion means includes: 

an area specifying table for storing address information 
specifying one of a plurality of memory areas of said 55 
storage means and area attribute information of each of 
said memory areas; and 

generating means for generating an address by referring 
said area specifying table in accordance with read 
position designation information received by said 60 
address reception means. 

8. The apparatus according to claim 7, wherein the area 
attribute information includes attribute information indicat- 
ing whether a memory area of said storage means is a read 
enable area or a write enable area. 65 

9. The apparatus according to claim 8, wherein said access 
means informs said information supply apparatus of a mes- 
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sage indicating that said access means cannot access a 
storage position of said storage means in accordance with 
the area attribute information of said storage means. 

10. A display system comprising a display apparatus of 
claim 1, and an information supply apparatus for controlling 
said display apparatus. 

11. The apparatus according to claim 1, wherein said 
transmission control means controls the first bus to transmit 
information in one direction only and controls the second 
bus to transmit information in two directions. 

12. A display control method for a display system, which 
comprises 

an information supply apparatus for supplying display 
information via transmission means including a first 
bus for transmitting display data to be displayed at a 
first speed and a second bus independent from the first 
bus for transmitting communicating data at a second 
speed slower than the first speed, and 

a display apparatus which is connected to the information 
supply apparatus, has storage means for storing the 
display information supplied from the information sup- 
ply apparatus via the first bus and various kinds of 
information such as a control procedure of the display 
apparatus, and visually displays, on a display screen, 
the display information received from the information 
supply apparatus, 

wherein said display control method comprises the steps 
of: 

receiving an address via the second bus, for reading data 
stored in the storage means requested by the informa- 
tion supply apparatus, supplied from the information 
supply apparatus, as a first address for identifying a 
position in an accessible memory space by the second 
bus; 

converting the first address supplied from the information 
supply apparatus into a second address of the storage 
means, the second address identifying a position in a 
real address space of the storage means; 

reading information stored at a storage position of the 
storage means in accordance with the second address 
converted in said converting step; and 

transmitting control procedure information read by said 
reading step to the information supply apparatus via the 
second bus of the transmission means. 

13. The method according to claim 12, wherein the 
display screen comprises a backlight, and displays the 
information using light emitted by said backlight and trans- 
mitted through a ferroelectric liquid crystal display having a 
function of holding a display state of an image. 

14. The method according to claim 12, wherein the 
receiving step also receives information to be written in said 
storage means and write position designation information 
from said information supply apparatus, 

the connecting step also converts the write position des- 
ignation information received into an address, and 

the access step also writes information received in the 
receiving step at the address of said storage means. 

15. The method according to claim 12, wherein the 
receiving step is capable of transmitting, to said information 
supply apparatus, information indicating whether or not the 
reception address information is normally received. 

16. The method according to claim 12, wherein the 
converting step further includes the steps of: 

storing an area specifying table for storing address infor- 
mation specifying one of a plurality of memory areas of 
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said storage means and area attribute information of reading means for reading information stored at a position 

each of said memory areas; and of said memory in accordance with the second address 

generating an address by referring said area specifying converted by said address conversion means; and 

table in accordance with read position designation output means for outputting infonnation read by said 

information received in said address reception step. * reading means to the display control apparatus via said 

17. The method according to claim 16, wherein the area second bus. 

attribute information of said storage means in the modifi- 2 1. The apparatus according to claim 20, wherein the read 

cation information includes attribute information i indicating infannalion mchldes data to be m said me and 
whether an area of said storage means specified by the area 

specifying means of said storage means is a read enable area 10 said output means outputs, to the display control 

or a write enable area. apparatus, information indicating that data to be written 

18. The method according to claim 16, wherein the access has ^en written at a position according to the infor- 
step is capable of informing the information supply appa- mation in said memory. 

ratus of a message indicating that a storage position of said 22. The apparatus according to claim 20, further corn- 
storage means cannot be accessed in accordance with the 15 prising: 

area attribute information of said storage means. an area table consisting of information for specifying each 

19. The method according to claim 12, wherein the first 0 f a plurality of areas obtained by dividing said 
bus is controlled to transmit infonnation in one direction memory, and attribute information for each of the 
only and the second bus is controlled to transmit information plurality of areas, and 

in two directions. 20 ' 

-ft.... , u- u • .j. j-i sai " reading means accesses the corresponding memory 

20. A display apparatus which ts connected to , » display „ ^ sM , ab , e ^ * 

control apparatus for output nig dtsplay data, and displays , predetermined bit in information received via said 

the display data on a predetermined display, comprising: second bus 

connection means for connecting to the display control 23. The apparatus according to claim 20, wherein said 

apparatus via a first bus and a second bus which are d jspi ay nas characteristics of holding a display state of an 

independent from each other, said first bus transferring image. 

display data at high speed, and said second bus, whose 2 4. The apparatus according to claim 20, wherein said 

transfer speed is slower than that of said first bus, display comprises a ferroelectric liquid crystal display, 

performing a communication for exchanging informa- ^ 25. The apparatus according to claim 20, wherein said 

Uon ; display has characteristics of holding a display state of an 

a control unit for controlling the entire display apparatus; image. 

a memory to be looked up by said control unit; and 26. The apparatus according to claim 20, wherein said first 

display driving means for displaying the display data bus comprises a bus which has the number of bits capable of 

received via said first bus on said display under the 35 transferring a plurality of pixel data at one timing, and said 

control of said control unit; second bus comprises a serial communication bus, 

v . , , . « 27. The apparatus according to claim 20, wherein said first 

with said control unit including: aDd seC ond buses are accommodated in a single cable. 

address reception means for receiving an address via said 28. The apparatus according to claim 20, wherein said 

second bus, for reading data stored in said memory display control apparatus comprises a video card mounted 

requested by the display control apparatus, from the on a versatile information processing apparatus, and said 

display control apparatus via said second bus, as a first display apparatus and display control apparatus are sepa- 

address for identifying a position in an accessible rately arranged. 

memory space by said second bus; 29. The apparatus according to claim 20, wherein said 

address conversion means for converting the first address 45 connection means controls the first bus to transmit informa- 

received by said address reception means into a second tion in one direction only and controls the second bus to 

address of said memory, said second address identify- transmit information in two directions, 
ing a position in a real address space of said storage 

means; * * * * * 
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